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ERRATA 
Voi 22 , 1032 

P«ge aa, line M for “pubeeoenti" rend “pubeeoentin ” 

P»ge 37, line 33 for “glebreeoentea" reed "glebieeoentte ” 

Pete 38, line 14 for “atelleto-villoeie” read ''ateIIato>Tilloea ” 

Pate 38, line 81 for '‘apuberulo" read “pubenilo ” 

Pete 38, line 83 for “atro*purpnea“ read "atro-purpurea ” 

Page 39, line 40 for “infunibulifonni" read "infundibnlifonni '* 

Pace 80, line 83 for "auboiainnatia*' read "anboinoinnatia ” 

Page 83, line 21 for “tenuibiua" read "tenuibua " 

Page 83, line 4fi for “vindidu” read “vmdia ’* 

Page 84, line 7 for “tomentoainuaoulia’' read “tomentosiuaculia '* 

Page 87, line 28 for “Miera," read '‘Mien' " 

Page 175, line 30 delete period after “Sierra" and read “Sierra Tarabumara 
Page 348, line 1 for “Cyaaodon" read “Cynodon " 

Page 344, line 40 for '*Cyanodon" read “Cynodon " 

Page 346, line 40 for “Cyanodon” read “Cynodon “ 

Page 879, line 20 for "three” read "four " 

Page 881, line 38 for “for" read “by ” 

Page 407, legend of fig 3 for “fomationa" read “fonnationa " 

Page 438, line 30 for "fluzuoua" read “Ilexuoua " 

Page 444, line 80 for “Sohlauahe” read “SohUuohe " 

Page 40^ equation (10) for ff, - ZPn e read N, ZQ„ e and for 

- SQr. e lead n - 2P„ e 

Page 406, In the table of conatanta forP,,- 1706 Oread Pu - -1706 6 and for Pm 
• +401 Bread Pm - +4081 88 





JOURNAL 

OF THE 

WASHINGTON ACADEMY OF SCIENCES 

VoL. 22 Janvart 4 , 1632 No. 1 

PALEONTOLOGY . — The larger Foraminifera of the Talara shale of 
northwestern Peru.' Willard Berry, Ohio State University. 
(Communicated by Edward W. Berry.) 

In 1028 I described the smaller Foraminifera of the middle Lobitos 
shales of northwestern Peru.* In the same year this formation was 
named Saman shales by Iddings and Olsson.* Again in 1930 Olsson 
changed the name from Saman to Talora shale* and correlated it with 
the Bartonian as I did in 1928. 

In my discussion of the smaller Foraminifera I mention the occur- 
rence of Lepidocydina- and Opercttltno-bearing grits or sandstone 
about 958 feet above the base of the Talara shales (Saman shales). 
These grits which are only several feet thick are yellow-brown cal- 
careous sandstones with subangular grains up to 1.5 mm. in diameter. 
These grains are mostly clear quartz with occasional dark ferruginous 
grains, apparently limonite. What heavy minerals may be present 
is unknown as no separation has been made. These grits are thin 
bedded and tend to weather to light-colored sand. The beds are 
very sparsely fossiliferous and the described forms were obtained by 
prolonf^ and careful collecting along the strike of the rooks. 

The faimule consists of seven species of Lepidocydina and three 
species of Operculina. In this faunule the species of Lepidocydina do 

' Reoshrad October 31, 1031. Work carried out under a grant-in-aid, National 
Reaearch Council. 

• Eelogae Qeol. Helvetiae 21 (2) ; 320-405. 1928. 

' Iddings and Olsaon. The geology of northweal Peru Bull. Am. Arso. Pet. Qeol. 
12 (1): IflaS. 

*A. A. Olsson. Boeene Mollueca. Bull. Am Paloon. 17 (02): 1030. 
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not seem to be closely related to any described forms with the excep- 
tion of the one species of the subgenus Helicolepidina which is very 
close to Lepidocyclina (Helicolepidina) spiralis Tobler from the Pria- 
bonian of San Fernando, Trinidad, and Rfo San Pedro, Venemela. 
There is apparently no relation between these forms and the small 
fauna from the basal portion of the same formation (Saman con- 
glomerate) as described from the Atascadero limestone exposed about 
22 miles northeast of this locality. There is a slight similarity between 
these forms and the as yet undescribed forms from the Talara sand- 
stones (Saman sandstones) collected north of Lagunitos. The simi- 
larity between this faunule and the fauna of the Verdun grits (which 
Olsson now refers to the Eocene) lies in the marked absence of micro- 
spheric forms. None have been found in this collection and only 
about 4 per cent in the Verdun fauna. • ' ' 

The Operculina on the other hand bear a closer relation to those of 
the Atascadero forms, as one is clearly a variety of Operculina aUtsca- 
derensis W. Berry, described from the Atascadero limestone. The 
other two are new to science. 

The exact conditions imder which this thin bed of sandstone was 
laid down are indefinite. Apparently it is a local feature as it is not 
found everywhere that the Talara shales arc exposed. From the 
coarse subangular character of the sand grains and the lack of micro- 
spheric forms sedimentation must have been very rapid. The forms 
are all thought to be typical of shallow, warm, or tropical waters and 
the shales both below and above the bed contain forms characteristic 
of deeper and cooler waters. From what direction these coarse sedi- 
ments were washed into the sea is undecided due to the limited extent 
of the bed. From general appearance it is quite like the matrix of 
the Verdun grits which are supposed to have come from the southwest. 
It is quite apparent, however, that during the deposition of the Talara 
shales there was a period of fairly sudden rise and then sudden deepen- 
ing of the sea in this region as the shales do not grade into the sands 
or the sands grade into the shales, the boundaries being very clearly 
marked. Another possibihtiy is that for some reason the run-off 
was especially rapid at this point for a short time and much sand was 
washed into the sea. It is entirely possible that somewhere along the 
then existing shore the forms from the basal portion of the formation 
were developing and that they gave rise to this endemic faunule which 
is to be described. The places where the evolution was going on 
have either been destroyed by subsequent erosion before the sand- 
stone was deposited or else have not yet been discovered. 



JAN. 4, 1932 


berry: FORAIUNIFERA OF PERU 


Genua LEPIDOCYCLINA. 

Subgenua Lepidocyclina aa. 

LepidocycliiiR samanica W. Berry n ap. 

Figure 10 

Test diacoidal, equilateral, small, thin, 2.4 mm. in diameter, 0.75 mm. 
thick, ratio of diameter to tluckncsa 3 3:1 Test thins more or leas evenly 
from the center to the periphery, with no flat^c. Surface papillated, small 
and fairly evenly spaced Pillars polygonal in shape and 83.5 microns in 
diameter at the surface The lateral chambers at the surface are 116 9 
miorons in diameter with walls 16 7 microns thick. 

The nucleoconch is composed of two subcqual cliambera separated by a 
thin straight wall The width of the nucleoconch is 218 4 microns and the 
length is 312 microns, the ratio of the length to the width is 1.4: 1, with walls 
35.1 microns thick The equatorial chambers are arcuate and are arranged 
in circles; these chambers are 35.1 microns in radial diameter and 31.2 mi- 
crons in tangential diameter, with walls 19 5 microns thick 

Coiypca.— Collection of Willard Berry No I/-22 

Occurrence . — ^Talara shale 9SH feet above base; northwestern Peru 

L. samanica, which is next to the largest. Lepidocyclina in this sandstone 
does not seem to be related to any described form and con easily Ix) recog- 
nized by its large size and the ratio of the length to the width of the nucleo- 
conch. 


Lepidocyclina sectionensis W. Berry n sp. 

F'lg. 11. 

Test discoidol, equilateral, small, thin, 1 83 mm in diameter, 0 45 mm. 
thick, ratio of diameter to thickness 4: 1. Test thins evenly from the center 
to the periphery, with no flange Surface reticulate, sparingly papillated. 
Pillars polygonal in shape and ^.8 microns in diameter at the surface. The 
lateral chambers at the surface are 100 2 microns in diameter with walls 16.7 
microns thick. 

The nucleoconch is composed of two subequal chambers separated by a thin 
straight wall. The width of the nucleoconch is 257 4 microns and the length 
390 microns, the ratio of the length to the width is 1.6: 1, the walls are 31.2 
microns thick. The equatorial chambers arc arranged m circles, these 
chambers are 39 microns in radial diameter and 42 9 microns in tangential 
diameter, with walls 23 4 microns thick. 

Cotypes . — Collection of Willard Berry No L-18. 

Occurrence . — ^Talara shale, 958 feet al^ve base. Northwestern Peru. 

L. sechonensis has a rather characteristic arrangement of chambers around 
the nucleoconch. On one side arc 3 relatively largo secondary chambers and 
on the other side 2. This arrangement is nearest to L sets and L. ocha 
from the same locality but these two have 3 large secondary chambers on 
each side of the nucleoconch, but differ in other respect a L seclionensis 
is the thinnest form from this locality. 
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Lepidocyclint oclu W. Berry n.sp. 

Fig. 4, 

Test diBcmdal, equilateral, small, thin 1 67 mm. in diameter and 0.71 
mm. thick, ratio of diameter to thickness 2 3:1. Test thins evenly from the 
center to the periphery, with no flange. Surface papillated, small and evenly 
spaced. Pillars polygonal in shape and 50 1 microns m diameter at the 
surface. Hie latcrid chambers at the surface are 83 5 microns in diameter 
with walls 15 microns thick. 

The nuclenconch is composed of two subequal chambers separated by a 
thin straight wall The width of the nucleoconch is 196 microns and the 
length is 273.3 microns, the ratio of the length to the width is 1.4:1, with 
walls 19 5 microns thick. The equatorial chambers ore arcuate-rhombic and 
are arranged in circles; these chambers are 39 microns in radial dituneter and 
:)1 2 microns in tangential diameter with walls 19 5 microns thick. 

Cotypen — Collection of Willartl Berry No. L-19. 

(kfurrence. — Talara shale, 958 feet above base; northwestern Peru 

L « /wi IS like L aeiit and L anena in having 3 relatively large secondary 
chambers on both sides of the nucleoconch. In ratio of length to width of 
the nucleoconch it is like L. aamantca but differs in all other respects. It is 
easily rocogniteil in thin section by the 3 secondary chambers on each side of 
the nucleoconch and tlic heaviness of the equutonal chamber walls. 

Lepidocycllna gritta W. Berry n sp 
Fig 9. 

Test, discoidal, eiiuilaternl, small, thin, 2.08 mm. in diameter, 0.60 mm. 
thick, ratio of diameter to thickness 3.4-f- : 1. Test thins evenly from the 
center to the periphery, with no flange Surface papillated, small, and evenly 
spaced. Pillars polygonal in shape and 60 1 microns in diameter at the 
surface. The lateral chambers at the surface are 83 5 microns in diameter 
with walls 16 microns thick. 

The nucleoconch is composed of two subequal chambers separated by a 
thin, straight wall. The width of the nucleoconch is 292.8 microns and the 
len^h is 331.6 microns, the ratio of the length to the width is 1.13-1- : 1, with 
walls 27.3 microns thick. The equatorial chambers are arcuate to hexagonal 
and ore arranged part m circles and part in columns; these chambers are 
58 6 microns in radial diameter and 58 microns in tangential diameter with 
walls 17 microns thick. 

Colypea. — Collection of Willard Berry No. I.,-20 

Oraurenre —Talara shale, 958 feet above base; northwestern Peru. 

L. grtUa can be easily recognized in thin section by the way the equatorial 
chambers am first arcuate and in circles, then hexagonal and arranged in 
columns and then arcuate ami m circles. It is entirely unlike any described 
fonn 
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Lepidocyclina aiieoa W. Berry n.ap. 

Fig. 6 

Test disooidal, equilateral, small, thin, 1.70 mm. m diameter, 0 62 mm. 
thick, ratio of diameter to thickness 27+:l. Test thins evenly from the 
center to the periphery, with no flange. Surface papillated, very noticeable, 
and fairly evenly spaced. Pillars polygonal in shape and 83 microns in 
diameter at the surface. The lateral chambers at the surface are 133 6 mi- 
crons in diameter with wails 33 4 microns thick. 

The nucleoconch is composed of two subequal chambers separated by a 
thm straight wall. The width of the nucleoconch is 245.7 microns and the 
length is 361 microns, the ratio of the length to the width is 1.42-1- : 1, with 
waUs 31.2 microns tUck. The equatoriid chambers are open-arcuate and 
are arranged in circles: these chambers are 31.2 imcrons in radial diameter 
and 27.3 microns in tangential diameter with walls 23.4 microns thick. 

C(rftfpw.— Collection of Willard Berry No L-21. 

Occuirence. — ^Talara shale, 958 feet above base; northwestern Peru. 

L. ariena is like L. ocha and L. sets in having 3 relatively large secondary 
chambers on either side of the nucleoconch but differs in all other respects 
It IS the smallest Leptdocycltm found in the formation and can easily be 
recognised by the smallness of the equatorial chambers 

Lepidocyclina seis W. Berry n sp. 

Fig 3. 

Test discoidal, irregularly eq^uiiateral, fairly large, thin, 3 34 mm. in 
diameter, 1.5 mm. thick, ratio of diameter to thickness 2.2-4- - 1. Test thins 
evenly to within 0 4 mm. of the periphery, where there is a narrow flange; 
diameter of central boss 2.54 mm . Surface papillated, fairly largo and slightly 
more numerous on the boss, otherwise evenly spaced. Pillars polygonal, 
133.6 microns in diameter at the surface The lateral chambers at the sur- 
face ore 50.1 microns in diameter with walls 20 microns thick. 

The nucleoconch is composed of two subequal chambers separated by a 
thm straight wall. The width of the nucleoconch is 249.6 microns and the 
lenMh is 347.1 microns, the ratio of length to the width is 1 39- :1, with 
waUs 27.3 microns thick. The equatorial chambers are arcuate-hexagonal 
and are arranged in circles to columns; these chambers are 30 microns m 
radial diameter and 42.7 nucrons in tangential diameter with walls 13.7 
microns thick. 

Colypes . — CoUection of Willard Berry No. L-24. 

Occurrence . — ^Talara shale, 958 feet above base, northwestern Peru. 

L. sets is very characteristic in thin section os the equatorial chambers are 
first arranged in circles but about half way to the periphery they are arranged 
in columns See L ariena and L. ocha for comparison with those species. 
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Fig. 1 —Lcpidocydxna {HdxaAepxdxna) avgual-loblen n sp X20 

If'ig 2—OpeTcultna lamanica a sp X20 

Fig ^Lepxdaeyclxna ««i<i n sp. X20 

Fig i—Lfpidoci/chivi ocha n sp X30 

Fig 5 — OpercuUna alatcaderensta vsr samantra n var X20 
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Subgenus Helicolspidina 
Helicolepidina augiut-tobleri W. Berry n.sp. 

Fig. 1. 

Test discoidal, equilateral, large, fairly thick, 3.74 mm. in diameter, 1.00 
mm. thick, ratio of diameter to tUckness 3.74: 1. Test thins evenly from 
center to within about 0.333 mm. of periphery where it thins more slowly, 
producing a pronounced flange. Central boss 3.072 mm. In diameter. Su^ 
face papUlatM, onall and evenly spaced, the papillae on the boss being 
diiditly greater in diameter PiUars polygonal in shape and 666.8 microns 
in diameter at the surface. The lateral chambers at the surface are 83 5 
microns in diameter with walls 17 microns thick. 

The nucleoconch is composed of one nearly circular chamber surrounded by 
eight inner primary spiral chambers (see Fig. 7.). The first circular chamber 
is 156 microns in diameter with w^ 23.4 microns thick. The secondary 
spiral chambers are somewhat arcuate in shape, and make about 1^ coils 
before reachmg the periphery. The normal equatorial chambers are open* 
arcuate to hexagonal and average about 78 microns in radial diameter and 78 
microns in tangential diameter with walls 16 6 microns thick. 

Cctypea.— Collection of Willard Berry No. Ii-23. 

Occurrence — Talara shale, 958 feet above base; northwestern Peru. 

ff, aiiffust-tobleri resembles //. spircHta Tobler from the Priabonian of 
Trinidad and Venezuela in general aspect. In thin section it is easily recog- 
nized by having 8 primary spiral chambers and not 4 as in Tobler’s species. 
It docs not closely resemble the Helicolepidina mentioned from the Verdun 
grits of Peru. It is named in honor of the author of the subgenus; the late 
Dr. A. Tobler of Switzerland. 

Genus OPEltCULINA 

Opercullna atascaderensis W. Berry var. aamanlca W. Berry n.var. 

Fig. 6. 

Test medium to large, 3.67 mm in diameter, and 0.80 mm. thick, ratio of 
diameter to thickness 4.6: 1. Entire test about the same thickness. Surface 
ornamented by raised suture hnes. The test starts with a well defined 
nucleoconch then makes 3 gradually increasing coils, the last coil containing 
20 chambers. The septa are curved convexly outward. In the last two coils 
there are several septa which ore compound or double on the inner end, and 
single on the outward end. 

Cotypea . — Collection of Willard Berry No. 0-7. 

Occurrence . — Talara shale, 958 feet above base; northwestern Peru. 

This variety is very close to 0. idascaderenne from the Atascadero lime- 
stone (Saman conglomerate) It is probably a descendant of 0. cUaecadereneta 
but differs from the parent in having the septa dividing near the outward 
and not the inner end. This variety is quite like 0. irregvlaria Reuas de- 
scribed from Oberburg in Steiormark. It is easily recognised in thin section 
by the character of the dividing septa. 
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OpercalhuL telRia W. Berry n.sp 
Fig. 8. 

Test small, 1.58 mm. in diameter and 0.6 m. thick, ratio of diameter to 
thickness 3.16: 1. Test much thicker at center than at periphery Suifocu 
ornamented with raised suture lines. Test starts with poorly defined nucleo- 
conch then makes about 3 very slowly increasing coils, the last coil containmg 
about 22 chambers. The septa are slightly curved convexly outward except 
their outward ends whore they are strongly bent backwards The walls arc 
very heavy often being about | the height of the chambers in thickness and 
the septa about i the width of the chambers in thickness. 

Cotypea.— Collection of Willard Berry No. 0-9 

Occurrence.- -Talara shale, 968 feet above base; northwestern Peru. 

0. talara seems to bear a slight rescmblence to 0. vaugharn (Fishman, 
described from the Ocala hmestone and the Bnto formation, m the number of 
coils and the number of chambers in the last coil. Otherwise they differ 
greatly. The new form is easily recognised by the extremely thick walls of 
the chambers. 


Operculina samanica W Berry n sp 
Fig. 2 

Test medium, 2.34 mm in diameter and 0.40 min. thick, ratio of diameter t o 
thickness 5 68:1. Entire test about the same thickness. Surface smooth 
except for slightly raised suture lines. Test starts with a poorly defined 
nuclcoconch, then makes about 3} gradually increasing coils, the last coil 
containing 2S chambers The septa are curved convexly outward, the outer 
end often curving a little more sharply than the rest. 

Coiypes.— Collection of Willard Berry No. (>8. 

Occurrence . — Talara shale, 958 feet above base; northwestern Peru 

0. samamca might be confused with O. perunana W Berry but it has a 
greater number of chambers in the last coil and the septa are much less curvpfl 
and more regular 


ENTOMOIX)GY.— A"e«) genera and speaea of leafhnppers related to 
Scaphoideus.* E. D. Ball, University of Ai izonii. 

The writer in preparing a paper on the food plants, life histories 
and larval characters of the species of Scaphoideus was impressed with 
the fact that there were a number of groups included that were struc- 
turally distinct and in a number of cases had quite distinct food habits 
and ecological relationships. It appeared to be necessary, therefore, 
to recognize these groups, describe some new species and discuss some 
apparent synonomy before such a paper could be satisfactorily 
prepared. 


Received November H, 1931. 
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Key to the Genera of North American Forms Formerly Included in 
THE Genus Scaphoideus. 

A. Ocelli small, close to the eyes — elytral nervures not minutely interrupted 
with white. 

B. Central onteapical cell strongly constricted and divided, two cross ner- 
vures and usually a definite s^dle-Uke marking . . .1. S^ttnus n. gen. 
BB. Central anteapical not divided, a single cross nervure, except rarely in 
Scaphoideua (senaua atnei.), no definite saddle marking. 

(' One to three supemumera^ oblique veinlets to cc^a in the r^on 
of the outer anteapical. The outer claval distant from the inner 
margin of clavus, then hent suddenly at nearly a right angle on ap- 
proaching the margin (an oblique dork mark often obscuring it and 
making it appear to bo reflexed), usually 2 or 3 lobate ivory areas along 
suture. 

D. No reticulations along claval suture or costa (except as above), 
outer anteapical cell obhque. Male plates terminating 

abruptly 2. BcAPUOiDEnsUhl. 

DD. Claval suture and costa heavily reticulate. Outer anteapical 
cell parallel with costa. Male plates with filamentous append- 
ages 3. Prescottla n. ^n. 

CC. No extra vcinlots to costa in the region of the outer anteapical 
cell which is parallel to costa. Claval veinlets normal. Male 

plates with attenuate appendages 4. Osbomellus n. gen. 

AA. Ocelli large, about equidistant from eyes and apex of vertex, outer 
apical parallel with costa, norvuros interrupted with minute white 
points 5. Portonus n. gen. 


Genus Sanctanus Ball n. gen. 

llesembhng Scaphoideua {aenmia sinct.) in the long antennae and in the 
posterior bristles in groups, more nearly tne shape of Ahgta, especially in the 
broader face and broader elytra Strikingly distinct from either in the pres- 
ence of the second cross nervure between the sectors, and the constncteiland 
divided central anteapical coll. The outer anteapical is usually narrow at 
both ends and there is usually one or more reflexed veinlets to costa as well as 
evl ra rcliculations in some colls. The vertex is shorter or about equalling the 
length of the pronotum, rounding or angular, the disc very slightly convex, 
meeting the front in an acute angle The front is broad above, narrowing 
rapidly with straight sutures to the narrow clypeus, which is shghtly wedge- 
shaped and narrowing towards the apex rather than expanding as in Scaphoid- 
eua and Ahgta. .Most species have asoddle pattemof marking which objures 
the venation 

'rype of the genus, Scaphoideua aanctua Say 

This genus will include aatu-lua Say (= picturatua Osh.), faaciafua Osh. 
(= neglechis Gsb ), cruciatua Osb , orbiculaHua Ball, Deltocejihalus aesiuanana 
Do L S , D Itmicolus Osb., D eburneua DcL , D. fuaconotalua Osb., 
and probably one or two others that have been desenbed as species of DeiUo- 
cephalua They arc, however, for removed from that group in habits, food- 
plants and relationships. An examination of the types and long series shows 
no character tlial will warr.-vnt separation of neglectua from/asejotus. 
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SanctBiius orbiaiUtus Ball n. sp. 

Resombling satieius but smaller with a shorter vertex and narrower light 
band. Reddish salmon with white markings and four black spots on vertex 
margin. Length 9 5 mm. cf 4 mm. 

Vertex obtusely angled, broader than long, resembling/oscio/us, the margin 
rounding over at the ocelh and only becoming angled v^th the front at the 
apex. Front and clypeus as in aanctua the front more inflated. Elytra very 
long and slender and easily broken at apex. Venation of aanctua nearly, the 
central anteapical constricted but only occasionally divided. Female seg- 
tnent with a slight median production. Male valve very broad, roundmg; 
plates long acluately triangular with the extremely long slightly curved bla^ 
styles appearing beyond. 

Color. Iloddisb salmon aliovc and below with black and white markings 
Vertex white with a short angular Ime under the apex and two spots above, 
the ocelli in a pair of large spots and a still larger pair at the base, sometimes 
wanting in the male. Pronotum and scutellum pale in the female, reddish 
salmon in the male. Elytra pale salmon with a smoky cast in the female, 
reddish salmon in the male. The scutellar margins broadly white in the fe- 
male. A narrow white band across the bases of the anteapicais, the nervurcs 
beyond it white with smoky margins, a narrow smoky apical band and a largo 
round eye-like black spot in the second apical cell. 

Holotype 9 allotype c? and twelve paratypes all taken by the writer at 
Patagonia, Arizona, Sept 7, 1929 

A strikingly distinct species by the sabnon color and the eye spot. 

Genus Scaphoideus Uhl 

To this genus as defined by its type immialua belong only those forms with 
the outer anteapical cell oblique, the anterior “base” usually carrying a group 
of about three oblique vcinlets to the costa. The corumissure usually has a 
broad ivory white stripe that is divided into two or three lobes by oblique dark 
lines. These lines occur near the apices of the claval nervurcs and have been 
mistaken for the nervurcs themselves and thus the nervurcs have been de- 
scribed as “strongly hooked.” By use of transmitted light one discovers that 
the outer claval nervurcs while at some distance from the margins are strongly 
bent and approach the margin at nearly right angles regardless of the direction 
of the dark markings 

There are a number of very closely related species in this group whose spe- 
cific bmits will not be accurately defined until their food plants have been de- 
termined and good senes of known origins are available for study. Where such 
series have been secured restneted vanation has been found to be the rule and 
constant characters can be defined. 

The species may be roughly divided into three groups, as follows: 

1. Face generally pak. There may be some irregular color besides the dark 
hues above but the general ground color is pale. To this group belongs 
vroduclua Osb. {cannalua Osli. and magnua Osb ) apparently a single very 
largo and di^inct species ctvuly recognized by the vertex marking and broad 



12 JOURNAli OP THE WABHINOTON ACADEMY OF HCIENCBS VOL. 22, NO. 1 

short male plates shown for magivua by Osborn; ttnmtsUu Say (Inoludii^ var. 
tncims Osh. which was never described) var. minor Osh. apparently a distinct 
species, cypnua Ball, paludosua Ball, ochraceoua Osb., tntricatu* Uhl and tri- 
unatxM Ball. 

2. Face black or brown. There may bo light areas in a few oases but the 
general color is dark. To this group belongs aenatlnlta Ball, mgricans Osb., 
tnundahu Ball, melanotua Osb. (which appears to bo a definite and constantly 
marked species), obtusue Osb. and cineroaus Osb., which appear to represent a 
single gray form, and atlanius Ball. 

3. Face umSomHy tavmy or reddish rather than dark. To this group belongs 
opaltnua Osb., hUoraka Bedl, and luteohu V. D., three species whose food habits 
are definitely known. The face color of opahnua was not described, It is 
darker than that of the pronotum, pale brown with a fulvous or coppery 
reflection. 

Scophoideus immlstus var. titanus Ball n. var. 

Form and structure of the species, calvus and adjacent corium dark brown 
or black with the lobate areas and one or more pairs of ivory spots in sharp 
contrast. Vertex ivory with a very narrow transverse band tawny, pronotum 
and Bcutellum pale cinereus with only traces of light markings. Klytra very 
dark except for the ivory marking, the apex with a broad smoky band. The 
costal area and an area before the apical cells pale with the nervures broadly 
smoky. Face and below pale, female with two block lines below vertex mar* 
gin and traces of two dark areas on front; male with one brown line and 
traces of another. 

Holotypo $ Morgantown, West Virginia, August 12 Allotype c? Toronto, 
Ontario, August 8, 1921, and one paraty{^ male, Fairmont, West Virginia, 
August 21, 1927. 

This is either a strikmg color variety or a distinct species of which we should 
know more. 

Scophoideus cyprius Ball n sp. 

Size and general form of tmtntalua but with an almost uniformly coppery 
shade shghtly darker than in luleolua. Face pale. Length 9 6.5-6 min , o' 
6 mm. 

Vertex about os in intncalua, right-angled or very slightly acute, shorter in 
the male. Elytra as in vnmiatua, the venation similar. Female segment 
with the posterior margin rounding or shghtly angularly produced and dark 
marked. Mole valve inconspicuous, plates together long, narrow, spoon- 
shaped. Pygofers in both sexes with four tufts of black bristles. 

Color. Pale coppery, vertex ivory, a narrow black hne on anterior margm 
and a rather narrow t ransverse tawny band. Pronotum and souteUum tawny 
shading to coppery, a faint transverse ivory bond just back of the eyes and a 
definite yellowish ivory band back of the suture of the souteUum. Elytra 
almost uniform coppery, the nervures scarcely darker except in the region of 
the costal and antcapical cells, a narrow elon^ited lobate spot and two pairs of 
irregular areas in the inner anteaplcal cells ivory, and the nodal cells milky. 
Face and below creamy, the females with two and the moles with one dark line 
under the vertex margin . The males are paler than the females. 

Holotsrpe 9 and two paratypes females August 7, 1897. AUotype cf and 
two paratype females July 14, 1806, three paratypes July 20 and July 30, 1896 
and August 9, 1895, all taken at Ames, Iowa by the writer. 
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Examples of this species were mixed with those of inincatus and it was only 
when the following species was being compared that the mistake was 
discovered. 


Scaphoideas paladosus Ball n. sp. 

Resembling cyprtus in form and general coloring, broader with a broader 
shorter head, tawny with ivory spots and lobate markinp. Length 9 6 mm. 
cf 5 mm. 

Vertex right-angled, len^ equaUing its basal width, shorter than the 
pronotum. El^ra proportionally broader than in cypnua with the venation 
similar. The olaval nervures approaching each other and sometimes united 
bv a cross nervure. Outer anteapical cell obhque but rarely stylate (as in 
allotype). Three reflexed veinlets from its basal half. Female segment with 
the posterior margin very slightly rounding and lacking the black band 
Male plates slightly shorter and broader at the apex than in cupnus. 

Color. Tawny, slightly more orange than in liUeolua, with a hght creamy 
face Vertex ivory with a narrow tawny band that has a median point. Pro- 
notum tawny with an indistinct ivory band behind the eyes. Scutellum pole 
tawny with the apical third lighter, margined by two black dots. Elytra 
tawny with rustv nervures before the apical cells, a narrow but definite 
smoky band at the apex and a few dark dots. Two lobate areas along the 
commissure and two or three pairs of ivory spots Face and all below creamy 
white, two narrow black lines below the vertex margin in both sexes. 

Holotype 9 Sanford, Florida, July 20, 1927 (Ball). Allotype cf Braden- 
ton, Florida, June 11, 1928 (W. E. Stone), and two paratypes females Sanford, 
July 10 and 29, 1926 (Ball & Stone) and one female Plant City, Florida, June 
23, 1926 (Dr. Baer), all taken along the margins of deep swamps. 

Scaphoideus triunatus Ball n. sp 

Sise of magnu8, nearly, but more slender, ^neral appearance of aensiMis, 
four broad transverse brown bands set off by five broad white ones on dorsum 
of body. Length 9 6 mm. o' 5.25 mm. 

Vertex definitely acutely angular, more than half its length before the eyes, 
equalling the pronotum in length. Elytra narrowly appres^, giving a slender 
appearance. Venation as in immtatua, the outer anteapical cell oblique but 
rarely pointed or stylate posteriorly, rarely more than two obhque nervures 
to edi^ from its base. What appears to be a second cross nervure often pres- 
ent. Female segment rounding and blaok-bordered posteriorly, male valve 
as long as wide, acutely rounding. The plates together extremely long spoon- 
shaped, the apices roundmg ana clothed with fine hairs. 

Color. General color shghtly tawny brown, males lighter. Vertex, prono- 
tum, and scutellum ivory white with four broad transverse brown bands 
as follows : one like a flying bird across the middle of vertex, a second covering 
the anterior fourth of pronotum, an interrupted one dividing the remainder 
of the pronotum, and a broader one occupying the basal half of the scutellum. 

Elytra subhyaline with heavy rusty nervures, a black cloud at apex, a smoky 
eloud across and behind the cross nervure and another surrounding the three 
definite lobate ivory areas along the commissure. Face and below white, a 
single black line below the vortex margin in the male, a pair in the female, as in 
ochraeeua. 
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Holot^ V allotype c? and twelve paratypes taken by the writer July 17, 
1929, at Gfranite Dells, Arizona. 

Scaphoideus atiantus Ball n. sp. 

Similar to imtmslua in form and structure, larger. Size and general appear- 
ance of auronitena. Dark copper with three pairs of black dots and no lobate 
areas along commissure. Length cf 5 mm. 

Vertex (in male) obtusely angulate, one-half longer than against eye, about 
two-thirds the length of pronotum. Elytra long narrow appressed. Vena- 
tion of the tmmtatiu type obscured by the coppery shade, no cross nervure on 
olavuB, the outer anteapical cell oblique but narrowing about emially at each 
end with three reflexed nervures to costa from the basal half. Male valve ob- 
tusely rounding, plates together twice as long os their basal width scarcely 
narrowing before the abrupt, slightly oblique apices. 

Color. Vertex ivory before the eyes with a definite black line on the 
margin, a broad tawny band on the disc shading out posteriorly to leave a 
creamy line at the base. Pronotum uniform dark coppery, scutellum a 
Uttle paler with two black dots at apex Elytra of a uniform dark copper tint 
with a broad apical band smoky, the nervures just before this rusty, the re- 
mainder obscure, three pairs of black dots along the commissure. Face pale 
brown with a coppery reflection, a block line under vertex margin bordered on 
both sides with ivory, below this traces of one or two pale arcs on the front. 
Logs and below white, the venter dark. 

Holotype o’ Glassboro, New Jersey, July 29, 1927. 

This is so strikingly distinct in this group and so near hke awontUna except 
for the vertex markings and venation that it was thought best to describe it 
from a single example in hopes that others might be found in collections and 
lead to a fo<xl-plant record. 

Scaphoideus senslbilis Ball n sp. 

A large black species resembling magnua in size and nigncana in color but 
with more definite alternation of ivory and black. Len|0,h 9 6 mm., cf 5 mm. 

Vertex right-angled the apex rounding, less pomted than in magnua with 
a more definite notch m the posterior border. Pronotum as in tmmtaiua. 
Elytra long, inclined to be appressed. Venation os in magnua but with the 
central anteapical cell more constricted, the outer cell longer and narrower 
with the two ends nearer alike. Female segment long, narrowing posteriorly, 
the postenor margin angularly produced one-third the length of the segment, 
the lateral margins of the produced portion concave, the apex obtusely tri- 
angular, whole produced part shining black, the black extending hah way 
to the base on the median line. Male valve short and obtuse, plates together 
long and narrow, nearly twice longer than wide, their apices individually 
bluntly rounding and clothed with long silky hairs. 

Coim. Dark, the darkest species in the group. Vertex ivory, the usual 
narrow submarginal black Ime in front, a transverse band across the middle 
dark brown or black. This band in narrow at the anterior angle of the eye 
and broadens to the middle, the posterior margin is rounding, the anterior 
marpn eonvex on each side of an acute median projection. The whole is the 
outline of a bird in flight, occupying less than one-third of the ivory disc. 
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Pronotum black, a curved mark enters from each posterior angle, a broad 
quadrangular transverse band just before the middle, a little longer than the 
width of vertex, a narrow median light line ScuteUum with a large m^ian 
shield of ivory, ^ghtly clouded with brown m front, a pair of large biMk spots 
just inside the basal angles and a pair of points at apex. EMra heavily 
clouded with smoky brown and black emphasised on ncrvurcs and apex, omit- 
ting two lobate m^ian ivory spots and about four pairs along the claval su- 
tures. A hyaline area along costa. Face black, the front smoky with one 
broad ivory line below the vertex, two narrow light ones and a few partial 
arcs below that. Logs and all below white except for the tarsal joints and the 
apex of female segment. 

Holotype 9 July 10, 1926, allotype cf July 16, 1926, and 20 paratypes 
taken at Sanford, Florida, from June 19 to July 16, 1026, by W. K Stone, J. A. 
Reeves and the writer. 

Scaphoideus inundatus Rail n. sp. 

ResembUng tmmietua, shghtly smaller, darker, with a longer segment and a 
smoky face. Length 9 5 mm., cf 4.5 mm. 

Vertex, as in immtatus, very slightly acutely angled, almost os long as pro- 
notum. Elytra long, appress^. Venation os in tmmtslus, the claval ncrvurcs 
approachmg and often united by a cross nervurc, outer anteapicnl cell oval, 
smaller at the base than in immiatua and only slightly or not at all stylated. 
Female segment normal in length, posterior mar^n roundingly producra from 
just Inside the lateral angles into an obtuse projection that is broadly black- 
markcil. Male valve small obtuse, plates together elongated, broadly spoon- 
shaped, much exceeded by the slender elongate pygofers. 

Color. General color brown with a tawny oast, darker than tmmiatua or 
vuiarwlua but not as dark as aetmMta, nor with os definite hgbt markings. 
Vertex creamy back to the line of the eyes, then tawny brown shading out to 
creamy at the base. Pronotum smoky brown with a faint quadrangular light 
band before the middle. ScuteUum tawny, the apex ivory with four block 
dots on margin. Elytra slightly milky, subhyolino, heavily washed with 
smoky brown on the nervures and m some of the cells. The lobate ivory 
areas large with heavy black markings anterior to them, a broad smoky band 
at apex. Face uniform pale brown, a broad ivory band margined by two 
narrow block ones under the vertex margin and a few pale areas on front 
below these. I/Cgs white with the usual black annuli on tarsi 

Holotype 9 allotype cT and 4 paratypes taken with them June 9, 1928 and 
ten paratypes taken from April 26 to July 31, by \V. E. Stone and the writer 
at Sanford, Florida 

This species is smaller than typical immiatua but considerably larger than 
minor. The constant dark smoky face will at once separate it from these 
species. From mdanotua it is readily separated by 1 he larger siae, longer ver- 
tex and lack of definite black on face. 

Scaphoideus littotalis Ball n. sp. 

Similar to opalinua in form but more tawny, not as tawny os luteolua and 
more definitely marked Length 9 5.6 mm., cf 4.76 mm. 

Vertex about os in opaltnus, slightly more acutely angulate, definitely longer 
than in liUeohu. Elytra slightly longer than m opahnua. Venation similar. 
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the outer snteapical cell longer and not as wide, narrowing posteriorly, (rften 
pointed or stylate; central anteapioal cell very broad near base, slightly nar- 
rower in center than at apex. Female segment typical, the posterior margin 
roundingly produced nearly one-third the length and shining black on the pro- 
duced prartion Male valve triangular, plates elongate, their apices indi- 
vidually rounding, both plates and valves clothed with fine hairs. 

Color. Pale tawny with an opalescent shade on the elytra. Vertex creamy 
with a tawny cast, the usual sub-marginal black Ime, a broad band behind the 
middle, pale tawny. Pronotum pale tawny with an opalescent cast, traces 
of a qua^ngular band anterior to the mid^e. Scutellum tawny with a pair 
of faint stripes, a pair of dots in the basal angles and a transverse band beUnd 
the suture, ivory. Elytra tawny opalescent, an apical smoky band extending 
to just before the cross nervures. The nervures ore mostly rusty brown and 
there are two lobate ivory spots on the commissure and ivory spots on the ola- 
val sutures os in opaltnus. Face pale ; slightly smoky in the female, with three 
dark bands lielow the vertex margm; creamy with a smgle band in the male. 
Legs and below white or pale, the disc of the abdomen and rings on the tarsi 
dark. 

Holotype 9 allotype o' and twelve paratypes taken at Woods Hole, Massa- 
chusetts, by the writer, July 11, 1925. 

Genus Prescottia Ball, n. gen. 

Resembhng Scaphotdeus in the long antennae, the lobate commissure, and 
the posterior angle of the outer claval nervuro. Similar to OabomeUxui in the 
outer nnteapical paralleling the costa. Related to Twtntngta in the reticula- 
tions along the costa and ckval suture. 

Head narrower than the pronotum, vertex angular, broad and fiat or con- 
cave with a sharp margin, forming an acute angle with the straight front. 
Front slightly broker thiw in Scaphoideua. Elytra long and appressed. Ven- 
ation similar to Scaphaideua except that the outer anteapical is parallel with the 
costa and has about five refiexed vcinlets to costa and an equal number along 
the costal area. The cells arc more or less reticulate before the apical, es- 
piocially emphasized along the claval suture but no definite second cross ner- 
vure IS apparent. 

Type of the genus, Scaphoideua labahts V.D. 

Prescottia brickellia Ball n. sp. 

Resembling UAjata but much larger, darker with a broader head, a much 
broader vertex with a definite block hne beneath the acute margin. Length 
9 7 mm , cf 5.5 mm. 

Vortex very slightly acutely ongulato, as long as its basal width m the fe- 
male, shorter m the male, the margm acute. Front broader than in lobata, 
elytra with the same type of reticulate venation, usually a few more veinlets 
to costa. Female segment about as in lobata, the posterior margin more pro- 
duced and heavily black-marked Male platra broadly rounding, then atten- 
uately i»oduccd. 

Color. Vertex creamy with a fulvous oast, traces of a line around the 
anterior margin, a transverse band just back of the anterior margin of the 
eyes, a shorter one half way between this and the apex. Pronotum and 
scutellum creamy with a fulvous shade. Pronotum with heavy brown irrora- 
tions, especially on the submargin. Scutellum with orange in the an^es, a pair 
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of spots on the disc and another pair at apex. El}rtra with the soutellar mar- 
gin and two lobate spots on the commissure ivory. The remainder heavily in- 
scribed with brown, a smoky cloud on the apex. The soutellar margin is not 
as broadly ivory as in loboto and the anterior lobate spot is elongate instead 
of almost circular. 

Holotype 9 allotype c? and fifteen paratypea taken by the writer at Gran- 
ite Dell, Arisona, July 17, 1929. 

Genus Osbomellus Ball, nov gen. 

Resembling Scaphoideus in size and form with the long antennae and nar- 
row front but lacking the oblique anteapical cell, the extra veins to costa and 
the claval veins arc normal 

Head slightly narrower than the pronotum, enclosing the anterior third. 
Vertex flat, an^ed in front and forming an acute angle with the narrow face 
Elytra long, the venation simple, regular, a single cross nervure. The claval 
veins normal, not forming an exaggerated angle posteriorly, the outer antcapi- 
cal cell parallel to costa A single veinlet at or near each end, these together 
with the apex of the third apical nervure broadened and reflexed to costa. 
Female segment simple, the posterior margin straight or only sbghtly round- 
ing. Male plates elongated into filamentous or plumose processes. 

Type of the genus, Scaphoideus auromtem Prov. 

To this genus auronilens Prov , ntanus Ball, eotisors Uhl , (= acalaris V^D.) 
jucundua Uhl., cocanus Ball, albonotatus V.D. and untcolor Osb. of our fauna 
have been referred and this seems to be the dominant group m the more trop- 
ical regions. 

Osbomellus ritonus Ball, nov. sp. 

Resembling auronilens m size and general form but with a shorter vertex, 
with the anterior line definitely concave on either side the apex, and no red 
morkmgs. Length 9 6 mm., ^ 5.75 mm. 

Vertex shorter than in auronilens, but the apex nearly as acute because the 
side margins are definitely concave rather than straight or rounding as in that 
species. The margin appears to bo thicker but this is probably due to the 
concavity of the lateral margins allowing the black hne below the margin to 
be visible from above. Elytra as in auronilens, the three reflexed ncrvurcs 
to costa much broader, the anterior nervure arising at the base of the outer 
anteapical or only slightly anterior to it instead of some distance along the 
costal oeU as is freauently the case in auronilens. Female segment slightly 
produced, the pygofers with fine, almost downy hairs instead of bnstles as in 
auronilens. M^e plates rather broad at base and black-hnod, roundingly 
narrowing to long filamentous white tips; pygofers black-tipped but lacking 
the divergent black pencils of the former species. 

Color of auronilens, slightly darker throughout, entirely lacking the red 
marking s and the second blaok band on vertex. The anterior band narrower, 
curved or broken around the ocelh, concave before the apex allowing the band 
below to appear, basal markings of vertex as in consors ending in a spot on the 
suture before the middle. Pronotum pale brown with a pair of points on the 
submargin. Three pairs of dark pomts on the commissure, a smoky bond at 
the apex of elytra, the costal vcinlets and often a few areas in the diseal cells 
brown. Face pale smoky shadmg to light below, a single irregularly curved 
black line below the vertex margin instep of a straight one os in auronilens. 
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Holotype 9 allotype cf and one paratype, Huachuoa Mountams, June 16, 
1030. Four paratypee from the same pl^e, August 2, 1931. One from the 
ChiricahuB Mountains July 6, 1930 and two from the Santa Rita Mountains, 
May 11, 1030 and June 30, 1929, all ooUeotcd by the writer and tdl from high 
elevations in Arizona. 


Osbomellus cocanus Ball, n. sp. 

Resembling jucundtia but much smaller and narrower with a longer and 
more acutely angled vertex. Rich fulvous with oval milky spots. Length 
9 4 76 mm., cf 4 mm. 

Vertex flat, right-angled, the apex a little rounding, as long as the pronotum, 
a little longer than its basal width, while m jucundua it is definitely shorter. 
Angle with face extremely acute, not more than two-thirds as wide as in 
jiKundus, the margin thick and set, off by two definite black lines. Elytra 
short, apprised, venation as in jucundua, the anterior costal nervure arising 
from the outer antcapical cell some distance from the base. Female segment 
short and sUghtly rounding posteriorly. Male plates narrower than in 
jucundua with thread-like appendages longer than the pvgofen 

Color. Light yellow with ivory B|Mta and tawny or rM mottling Vertex 
with a white line on suture at apex bisecting the dark marginal lino, on elon- 
gate triangle on suture at base Outside of these arc two broad slightly obhque 
red stnpca slightly obscured in the female. Pronotum irregularly washed with 
tawny, scutoUum tawny with seven white points. Elytra tawny shading to 
subhyahne on the margin, the nervures defimtely rusty, growmg darker pos- 
tenorly, a brown cloud in the apical cells. Face tawny. 

Holotype 9 Cocoa May 5, 1026, allotype d* Sanford, May 1, 1927, and two 
paratyM males Sanford, May 12, 1926 and May 14, 1927. All taken m Flor- 
ida by W. E, Stone and the writer. 

This 18 a beautiful little species about half the size of jttcundua. 

Genus Portonus Ball, n. gen. 

Resembling Scaphmdeus in general form and appearance. Venation as in 
OaborneUiut. Strikingly distin^ from either in the round white spots sdong 
the nervures and the ocelli located in slight pits almost halfway from the eye 
to the apex of vertex. 

Hood definitely narrower than the body, enclosing one-half the pronotum. 
Vertex flat between the eyes, then rounding over and joining with the inflated 
front in an obtusely pomt^ cone, with the large ocelli in pits above the margin 
half way to the apex. Antennae elongate as in Scaphotdewi, set in a deep pit 
or groove formed by the inflated front. Front convex in both diameters, 
nearly parallel margined until just before the apex Elytra extremely long and 
narrow. Venation regular, the cells long and narrow, the outer anteapical 
extremely long, parallel with the costa, nervures to costa short straight. 
Female segment ^ort and truncate. 

T 3 rpe of the genus, Scapkotdeus sbgmosus Uhl. 

Uhler’s speoieB was described from the West Indies Examples of what is 
apparently meacanua Osb. from Guatemala have been compared with the 
type of shgmoaus and are no doubt the same. 5. hngtcamis Osb. from Boli- 
via also belongs to this genus 
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Genus Twininqia Rail 

The author has previously referred Scaphoideus bUindus Ball, peUuctdtis 
Ball ( “ irroratus Osb ) fumtdus Ball and bicolor Ball to this gonus and de- 
scribed viagnata and malvaglra. Those forms are related to Mesamia rather 
than to Scaphoideua. 

PALBXDNTOLOG Y. — A new species of Canecr from the Pliocene of the 
Los Angeles basin.' Mary J. Rathbun, National Museum. 

From Prof. U. S. Grant, University of California, Ixm Angeles, 
has been received for report a species of Cancer unlike any hitherto 
described. 



Fig 1 Cancer granli RathbuD, sp nov Anterior portion of carapace, X 11 
Cancer grantl Rathbun, sp nov 
Fig. 1. 

A portion of the anterior half of the carapace is exposed, surface thickly 
coveiM with minute punotae; granules visible to the naked eye are loosely 
scattered in groups on the protogastne, mesogastne, hepatic and epibranebi^ 
regions, a tubercle behind inner angle of orbit, interregional grooves shallow; 
anterior and antero-lateral margins bordered by elongate granules or blunt 
splnules; lateral teeth upturned, the second tooth from the orbit is narrow, 
little more than half as wide as the third tooth; fourth and fifth teeth sub- 
equal, slightly narrower than third; the surface of the front between orbits 
has 3 longitudinal furrows, the margin is obscure. Estimated width of 
carapace M.5 mm. 


■ Reoeived November 23, 1931. 
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SCIENTIFIC NOTES AND NEWS 

To Dr. Andbbw Klucott' Douquasb, Director of Steward Obanratoiy of 
the UniverBlty of Arizona, and to Dr. Ebnst Amtbyb, of die Unlvenlty of 
Stockholm, Sweden, were awarded on December 18, 1931, prizes of |2,fi00 ipven 
by the Rraearch Corporation of New York City through the Smithsonistt 
Institution, ^studying the annual growth rings of trees in die Southwest, 
Dr. Doxtolass has estabUdied an unbroken chronology back to the beoiniilng 
of the eighth century, through which the dates of construction of pimtotorlo 
pueblos in that region have been determined. Dr. Amtbvb has auppUed 
ano^er record of weather in the past through a study of laminated day 
deposits known as vorves, left in the wake qf melting gladers. 


^bituatp 

Samubl Wkslbt Straiton, former Director of the National Bureau of 
Standards and President of the Massachusetts Institute of Technology, died 
at his home in Cambridge on October 18, 1931, shortly after dictating a tri- 
bute to Thomas A. Edison. Dr. Stbatton was bom at Litchfield, 111^ on 
July 18, 1861. He received the degree of Bachelor of Boienoe from the Uni- 
veidty of Illinois in 1884, Doctor of Engineering from the same Univerd^ 
in 19(3, Doctor of Science from Western University of Pennsylvania in 1903. 
Cambridge in 1908, Yale in 1919, Doctor of Laws from Harvurd in 1923, ana 
Doctor of Philosophy from Rensselaer in 1924. From 1885-02 he serv^ as 
instructor in mathematics, associate professor and professor of physios and 
electiioal engineering at the University of nUnois. He was successively as- 
sistant professor, associate professor and professor of physics at the University 
of Chicago from 1892 to 1001. He became the director of the National 
Bureau of Standards at its founding in 1901 and held this office until his volun- 
tary retirement in 1023 to accept rmpointment as president of the Massa- 
chusetts Institute of Technology. He later became president of the board of 
the same institution. 

Dr. Stratton was a member of the American Physical Society, American 
Association for the Advancement of Science, American Institute of Electrical 
Engineers, American Society of Mechanical Elngmeers, American Philosophi- 
cal Society, National Academy of Sciences, National Research Cknindl, 
National Advisory Committee for Aeronautics, National Screw Thread Ck>m- 
mission, and the International Commission on Weights and Measures. 
While resident in Washington, he was a member of the Washington Academy 
of Sciences. 

Dr. Stbatton lp«s made a Chevalier of the Legion of Honor in 1909, and 
an Officer in 1928 A He was awarded the Elliott Cresson medal of the Franklin 
Institute in 1912 and the public welfare medal of the National Academy in 
1917. 
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CHEMISTRY.— r/ie scientific work of Charles James,^ B. S. Hopkins, 
University of Illinois. (Communicated by R. C. Wells.) 

Usually the chemist regards work with the rare-earth group with 
indifference, lack of interest, or even disdain. He is very apt to be- 
lieve that the long-continued fractionations would exhaust his patience, 
the enormously complex mixtures of similar substances would overtax 
his ingenuity, the lack of efficient means of separation would dampen 
his enthusiasm and the high cost of material as well as the necessary 
wastefulness in its refinement would overpower his courage. Usually 
in selecting a field to which he may devote his years of active and in- 
tensive study, the chemist is of necessity restricted by the thought of 
the probable usefulness of his results. The w orker in the rare-earth 
field is foredoomed to the knowledge that his results will be branded by 
that scathing comment of the practical man: "It is of scientific inter- 
est only." The deliberate selection of this field for one’s life work re- 
quires a courage, resourcefulness, patience and thorough devotion to 
scientific achievement which is possessed by few men. In Professor 
James as in few men in our generation there were combined those ster- 
ling qualities of character and mind which are essential to success in this 
field. He was patient in his work, willing to retire from the busy 
whirl of modem life to the quiet of his laboratory. He possessed a 
remarkable ingenuity for devising new methods for work, his enthusi- 
asm was contagious and he never lost sight of the fact that true scien- 
tific progress comes not from lucky chance discoveries but as the result 
of patient, painstaking effort. He inspired his students with a love 
for chemistry and a devotion to truth; his vision extended far beyond 
that of the practical mind for he realized that true progress is made by 
advancing the scope of human knowledge. He saw that in the rare- 

i Bflprinted, by permiMion, from The Nucleus (October, 1931), published by the 
Kortheutem Section of the American Chemical Society. Received November 6, 1931. 
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earth group there were involved many problems the solution of which 
would go far toward unravelling much of the mystery of the Periodic 
Table. He believed not only that the elements of the rare-earth group 
held the key to a vast storehouse of scientifio knowledge but also that 
when their true relationship was understood they would find important 
applications in our complex modem life. To him the rare earths were 
not a theory but a problem, the solution of which was destined to con- 
tribute materially to the comfort and welfare of the human race. 

The outstanding contribution which Professor James has made in the 
technical field of the rare-earth group is unquestionably his remarkable 
ingenuity for devising new methods of separations. The methods 
which were used by the early workers in this field were largely empirical 
in their nature, extremely w'asteful and with low efficiency. Many of 
the methods now in use were suggested or developed by Professor 
James. He studied the bromates more fully than any of his predeces- 
sors and from this study he worked out a method which has been suc- 
cessful in separating the members of the cerium group. Later this 
same method has been applied to the study of the yttrium group with 
the result that it has definitely contributed to the chemistry of these 
elements. Another method for which wc are indebted to Professor 
James is that in which the separations are due to the fractional hydroly- 
sis of the nitrites. This method has been used successfully in the sepa- 
ration of the members of the yttrium group and it has been u^ 
directly in the preparation of material used in determining the atomic 
weights of yttrium, holmiura, erbium, dysprtwium, and other members 
of the group. Probably the most widely used method of separating 
the members of the rare-earth group into fractions from which the salts 
of individual members may be obtamed is the one which employs the 
fractional cr^'stallization of the double-magnesium rare-earth nitrates. 
This is frequently referred to as the James method, because we are 
indebted to him and his co-worker.s for this convenient and useful 
process. 

In addition to these well-known and widely-used methods he has 
contributed many other processes which are available for specific pur- 
poses. Hb found that ammonium sebacatc was useful in removing the 
alkali from the members of the yttrium group; he published the method 
of removing cerium as the iodate and bromate; and he brought about 
separations by the use of the carbonates, cacodylates, dimethylphos- 
phates, cnbalticyanides and many other salts. In pursuing his work 
along such lines he studied the behavior of a large number of salts 
many of which it may safely be claimed had never been prepared pre- 
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viouflly. Among such compounds may be mentioned the pyromucutes, 
propionates, citrates, tungstates, m-nitrobensoates, camphorates, 
phenyloxyacetatea, diphenylsulfonates, and the bromo-nitrobenzenc- 
sulfonates. He prepared a general scheme of separation for the entire 
group and as he succeeded in making refinements from time to time, 
this scheme was revised and improved. 

Professor James recognized the desirability of introducing more exact 
methods into rare-earth work end accordingly he devoted considerable 
time to the adaptation of analytical procedures to this held. Realizing 
the need of more accurate scientific information he determined the 
solubilities of many of the rare-earth salts under various circumstances, 
and his study of the solubility of the rare-earth bromates is the most 
complete record in existence. These details have been of untold value 
in promoting skillful rare-earth work. He has made extensive studies 
upon the problem of the quantitative determination of the individual 
members of the rare-earth group. This is an extremely difficult task 
because of the similarity of the memliers of this group, their close 
resemblance to several of the neighboring elements and the marked 
tendency of their precipitates to occlude various materials from solu- 
tion. In spite of such handicaps successful methods were devised and 
many have become standard practice where such work is required Wo 
are indebted to the James laboratory for methods for the quantitative 
determination of yttrium, lanthanum, neodymium, and cerium, he 
likewise pointed out some of the errors which were unav^oidable in the 
older methods. 

Few problems in the whole held of chemistry require greater skill 
and care in every minute detail than is needed in the determination of 
atomic weights. Such work in the rare-earth group is doubly difficult 
because of the tremendous task which is imposed by the difficulty in 
preparing material of atomic weight purity. Professor James and his 
coworkers were particularly successful in this field because of the skill 
developed in handling rare-earth material. His determinations in- 
clude the value of thulium, samarium, and yttrium. It is very signifi- 
cant to observe that the values which he found are almost exactly those 
which are now accepted by the International Committee. 

When Professor James began his work upon the rare-earth group 
there was much confusion concerning the number of elements which 
should be included as well as in their relationship to one another. 
Some of the elements were regarded as existing in a meta form and 
thulium was said to consist of a nodxture of thulium I, thulium II, 
thulium III. The James laboratory made a special and exhaustive 
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study of the behavior of thulium and finally succeeded in establishing 
the fact that thulium is a definite chemical individual and that there 
is no reason for believing it to be other than a single element. Much 
confusion also prevailed concerning the elements of high atomic weight. 
Professor .lames applied himself with his characteristic zeal to the study 
of this portion of the group and it has been reported that in his labora- 
tory he had succeeded in separating the compounds of lutecium before 
the discovery of this clement was reported from a European laboratory. 
With his characteristic thoroughness he had waited for a confirmation 
of his first results, so the honor of this discovery went elsewhere. In a 
closely similar situation Professor James had long been interested in 
the presence of clement No. 61, which had been predicted years before 
the work of Moseley. Careful search through many years had failed 
to reveal any indication of the presence of this element. But at last he 
had succeeded in effecting a partial separation, but while his material 
was being subjected to X-ray analysb at the University of Michigan 
the announcement of this discovery of element No. 61 was made from 
another laboratory. This fact, however, must not be interpreted as 
detracting from the credit due to Professor James, because his work in 
that field was performed with the utmost care and it must stand as rep- 
resenting the unusual skill and careful scientific precaution which so 
thoroughly characterized his work. 

It must not be assumed that Professor James had no interest outside 
the rare-earth group. His interest extended to a study of many 
related elements and in this work his rare-earth experience made his 
investigations particularly valuable. He devised a new method of 
separating thorium, a separation which is of much practical value be- 
cause commercial thorium is separated from rare-earth ores. He also 
was much interested in zirconium and its separation from the members 
of the rare-earth group. His phenyl-arsonic acid method for the esti- 
mation of zirconium and thorium mark a great step in advance m the 
chemistry of these elements. Zirconiiun especially has long needed a 
definite and conclusive method for its detection and estimation. The 
new interest in zirconium which is reflected from hafnium and the fact 
that we now have definite means for its quantitative determination 
will undoubtedly lead to material advancement in the chemistry of this 
much-neglected element. In addition. Professor James made out- 
standing contributions to the chemistry of scandium, gallium, german- 
ium, Wd beryllium. 

In his later years Professor James had become interested in the rare- 
earth and kindred metals. He prepared in his laboratory many of the 
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metals and he was keenly intereel^Jii.the possibilities of their com- 
merciai utilization. His work li^n' turanium is outstanding in its 
excellence and is typical of the workiwhif h he did. Although little has 
been published concerning his yrqfk cdoog these lines he has built a 
permanent foundation upon whish posterity may be expected to erect 
a monument of achievement whteh wiU a fitting tribute to his 
memory. r ,,, 

Professor James was a prolific w^ker whose contributions to chem- 
istry are both numerous and vahi^l^le. But no doubt the greatest 
professional contribution of his Ufetwas bis quiet and kindly influence 
over the lives of his students. A list of publications reveals the fact 
that ho has been instrumental in the training of many chemists whose 
names stand high in chemical cirolea^..<To train such men is to make 
a contribution whose influence is et^amal. 

BOTANY. — Studies in Solanaceae.-^Xi The species of Oestrum coUseted 
in Venesuela up to 1930.' H. Prri^BB, Caracas, Venezuela. 

A few years ago T had undertakfeh'lihte study of the Solanaceae of 
my Venezuelan collection, but, hatrlhg been given the hope that the 
eminent monographer Dr. Bitter V^ohM Soon revise the whole family, 
with inclusion of our materials far more authoritative way, 

I gave up the matter. Dr. Bittbf'hamed and described several 
Solana and a few species belongiiij^ 'tO other genera, exclusive of 
Cestrum. Now that death has unfortunately brought to an untimely 
end the work of the able German scientist, I have taken up again the 
examination of the Venezuelan ^^ies,>of the latter group, with the 
results given in continuation. ■ ■. > 

It will be seen that 8 species, thatuiS' to say, over one-third of 
the total number reported, couldMiiot be identified with any pre- 
viously known and had to be desenbed as new. Of these only two, 
Cestrum Dtasae and C. amplum, proceed from the cold upper belt of 
the Andes and constitute intcresting’a^ditions to the group of small, 
stiff-leaved species which include’ ^ides C. melanochloranthum, C. 
Lindeni and C. Afiersianum, all bdlbh^ng to our flora and also charac- 
terized by their more or less violaceous flowers. Four more species, 
C. duhium, C. calycosum, C. and C. bigtbbosum were 

collected in the cloud-forests of Q^ip^ and Colonia Tovar, in the 
Coastal Range, where conditions seem to greatly favor endemism. 
Finally, of the two remaining species •onc>C. grande, which reaches the 

‘ Received November Ifi, 1031. ' 
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dimeoBions of a real tree, belongs to the twrra oalienU and to the 
littoral belt, while the other, C. meridanum, grows in the hills of the 
tierra templada of Merida. Far as I am from sources and materials 
for comparison, I am aware that some of the proposed new speciesmay 
possibly have been described in recent times. 

One species {PHtier 5797) collected at Maracay (Aragua) in 1913 
and of which there is a specimen in the U. S. National Herbarium but 
none in our collection, was identified as Cestrum noclumum L. This 
is certainly wrong, since that species appears to be essentially West 
Indian and Central American. Of the older species, I have collected 
only C. diumum (m gardens), C. aUemifoUum, C. melanochloranthum, 
C. aalidfoliuin, C. panieulatum, C. Moritzi, and C. Mieraianum. C. 
macrophyllum has been reported from the Lower Orinoco by Rusby 
and Quires. C. tinctorium, C. potaliaefolium, C. tenuiflmm, C. 
laxiflorum and C. Lindeni are known only from the type collections. 

It is likely, since so small a part of Venezuela has been covered as 
yet and there are strong indications of the existence of a certain degree 
of endemism, that many more species remain to be discovered. From 
Trinidad C. megcdophyllurn, C. lalifoUum ( = C. chloranlhum) and C. 
subtriflorum, all first described by Dunal, have been reported, some of 
which may be found on the neighboring const of Tierra Firme. Mean- 
while, the twenty-two species known to this date are grouped according 
to their characters in the following key: 

Filamcnta faevia 

Flores m apicibus ramulorum vcl in axillis foliorum congesti 
Folia 2 5 cm fere semper breviom, glabra, flores violacei, 1 5-1 9 cm 
longi— CrcBCit in Andmum frigidis C melanochloranthum 

Folia 3 cm. longa vcl longiora — In calidis 
Corolla nivea, 9-11 ram. longa, lobulis suborbicularibus, glabris, re- 
volutis; ontherae violaceae; stigma manifeste exsertum; foha glaber- 
rima — Culta C. diumum 

Corolla flavo-virescens vel purpurascens, 1.5-2 5 cm longa, lobulis 
ImeanbuB, marginibus intraflcxis pubcscentibus, antherae flavae, 
stigma incluBum ; folia plus minusve pubeacenti C. aUemifohum 

Flores in rabbis simplicibus, pauciflonbus, axiUanbus termmalibusve 
dispositi 

CoroUae tubus plus mmusve cylmdricus, basi 1 mm. lata vel latior, 
apice versus plus minusve ampUatus 
Venae primariae 6-12 

Folia ovalia, subtus stellato-tomentosa, 4.5 cm. longa vel breviora; 
corollae tubus 10 mm. longus C. Dtaaae 
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Folia utrinque glabra 

Flores 1.4 cm. longi vel broviores, folia usque ad 8 cm. longa, 
2.6 cm lata C hnelorium 

Flores 1.5 cm. longi vel longiores, folia 8 cm. plenimque longiora 
Corolloe tubus 15-16 mm. lungus, folia membranacea, obovato- 
lanceolata, 18-25 cm longa, 6-9 cm. lata C potalta^olium 
Oirollae tubus 12-13 mm longus, folia conocea, oblongo- 
elliptica, 8-13 cm longa, 3-4 cm. lata C. duinum 

Venae primariae 16-20, folia glabm 
Foba lanceolnta, 9-13 cm. longa, 1-2.5 cm. lata, mdorescentia 
glabra; flores 2 5 cm. longi C. aaltcifohutn 

Folm 4 cm. lata vel latiora, infloresccntia plus miuusve cano- 
furfurcscens; flores pro gencre brevi crassique 
Calyx 10 mm longus, corolla 1.5-2 cm. longa; folia coriocea, 
elliptico-lanccolata C. caloneurum 

Calyx 11.1^12 5 mm longus, corolla 22 cm. longa; folia mem- 
branacea; ovato-lanceolata C calycoaum 

Corollae tubus filiformis, basi quam 1 mm diameter angustior 
Venae pnmariae 18-19, calyx brevissunus, 3-4 mm longus, foba 
membranacea, glaborrima, ovabvlunceolata, baai rotundata apice 
versus sensim attenuata C grande 

Venae pnmariae 6-9 
Caules volubiles vel scandentes 

Inflorescentioo (crminales et axillares, angusU* pamculatis, corolla 
2 7 cm, longa, petioli recti C. pamculatum 

Inflorescentiae plenimque axillares, rocemosae, latae, laxae; 
corolla 3.8 cm. longa, petioli baei uncmato-incurvi C tertninaJe 
Caules plus inmusve erecti, suffrutescentes vcl lignusi 
Folia ovato-acummata, 10-11 cm. longa, nervis subtus plus 
minusve tomentosis, flores 1 9-2 1 cm longi, in spiels axillanbus 
dispositi C. tenuiflorum 

Folia ovato-elliptica, 7 5-9 5 cm longa, glabra glabrescentes; 
flores 2 3-2 8 cm. longi, in poniculis Icnninalibus dispositi 

C. laxijlorutn 

Filamenta circa basi partis libcrac plus minusve glondulosa, dcntulata vel 
goniculata 

Flores in racemis axillaribus, 3-^5 cm. longis dispositi; folia 11.5-2 cm. 
loi^, subtus stellato-lanuginosa; corolla subglabra, l.O^-l 5 cm. longa 

C. MonUi 


Flores paniculati 

Staminum filamenta infra cmorsionem sua dcntato-appcndiculata; 
panicula omplia, flonbunda C. noclumum 

Staminum filamenta supra emprsioncm sua glandulosu, dentata vel 
geniculala 
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Panioula simplex, spioifonnis et pauciflora; filamenta supra basin 
bigibbosa; folia magna, lantienlata, glabra, 15-28 cm. longs 

C. bigibbosum 

Panloola phis minusve tibmpMiiit; folia mediocrla vel parva; g^dula 
basaliB filamentorum singi^ iel obsoleta 
Rami pSniculae folia sobaequAntes; flores numeroaissiini, violacei; 
folia oonacea, glabra - '> I k'iii C, amplum 

• Rami paniculae folia malto^breviora 

Folia 10 cm. longa vel‘<k^loreB, glabra 
Calyx 2 6 mm. loilgus;<<M#ollae plus minusve flavesoens 8-15 mm. 
longa; folia uvato-oblonga C. macrophyllum 

Calyx a.7-4.5 raml''lbngusj corolla violacea, 17 mm. longa; 
folia oblongo-lanceolsrlal ‘ C. Idndent 

Folia 0 om. longa vel< boS'dora, ovales, stcllato-villosis 
Flores tenui, pedicellati, viridi-flavescentes, 1 5-1 7 cm. longi 
> “ (7. meridanum 

Flores crassi, sessilcs, flavd-violaceis, 2 cm. longi 

■11 I iiKii.. C, Mtersianum 

Cestbum MELANOOHLORANT^u^jl^y^ in DC. Pfodr. 13‘: 622. 1852. 

Arbuscula o basi ramosa, ramis virgatis, cortice rimusulo, sordido grisco, 
minutissime puberulo tcctis, ramulis tenuibus apioe versus angulosis paxce 
pilosulis, pilis rufo-brunneis interduih ' glandulosis; foliis parvis, coriaceis, 
uMnque glabris, brevlter petiolaflib,’'peUolo piano plus mmusve nifo-brunneo, 
laminis oblongo-ellipticis basi <!unealo*«ttcnuati8 in petiolum docurrentibus 
apioe obtuaiusculis, supra obscu^ vi^digi^ubtus palliaioribus venis pnmariis 
plenunque 5-7 costaque prominuU^; p^ydo-stipulis parvis, foliaoeis, ovato- 
oblongis, obtusls, dcciduis, Horibiu 'iudllaribus BubsessilibuB in apicibus 
ramorum subcongestis; bractels'fmntrtis, linearibus, minute pilosuus, de- 
ciduis; pediceiliB brevisaimlB velmuIlU, Mifopilosulis, calyce tubuloso-cupulato, 
striato, 5-nervio, atro>viridi, apioe minusve spuberulo, smubus ampUis, 
dentibus maequantibus, corolla infundibubformi, atro-purpuea, tubo e basi 
ad apicem sensim ampliato, Btri^tp, ^^labro, lobulis ovato-elhptiois, extus vix 
minutieaime puberulis floccosisve, intua marginibusque introflexis fulvis 
pubescentibus, fUamcntls glabris) edbiil^liB, fere usque ad medium adnatis, 
supra basin leviter inflatis; anthens luteis, orbiculari-ellipticis, stylo fibformi, 
glabro; stimnato oapitato, globoso|< baOoa ovoidea, violacea. 

Arbusoula 1-1.2 metralis. Fetioh 1-3.5 mm. longi; laminae 1-3 cm. 
longae, 0.6-1.8,om. latae, Stipulae 0.5-1 cm. longae. Bracteae 2-4 mm. 
longae. Flores 1, 5-1.9 cm. lonp. .PodiceUi 0-0.3 mm. lonri. Calyx 2-4 
mm. longos, ore 2 mm diam. ' Cdrollb’ 1.3-1 7 cm. longa, lobulis 3.5-3.7 
mm. longis. Stammum pars libera circa 8 mm. longa. Stylus 1 .4 cm. longus. 
Baoca 6 mm. longa, 4.8 mm. diam. 

M£rij>a: Near K1 Portacbue}o„4e. M^cuobies (Funck & iSeAbm, in 
herb. D.C., type); Pdramo de Ell Mouno, 3000 m., flowei^ January K) 1922 
(A. John 02^) ; San Rafael de Mucuohfe^ 3160 m ; flowers JaiHUiry 21, 1922 
(A. John 811); same looahty, in 'IdW bumes along river; flywertTFebniary 6, 
1928 {Ptttier 12911); same locality, along Quebrada dO ^ysay; flowers 
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June 26, 1930 (Gehriger 40), Muourub4, 2700-3000 m.; flowers and fruits 
June 25, 1930 {Gehriger 255). 

Notwithstanding small discropancies, as in the dimensions of tho several 
parts, the number of primary veins, etc , I think that tho specimens exnminetl 
by me are conspecific with the plant of Funck & Schlim. 

Cebthum diubnumL Sp. PI. 1: 191. 1753 

This fine species, which seems to lie indigenous m some of the West Indian 
Islands, is known in Venezuela only as an ornamental, under the name of 
Dama de noche (Lady of night), a mistaken denomination since the sweet- 
scented flowers are permanently perfumed, though perhaps less during the 
day. The plant is distinguished from all its Venezuelan congeners by its 
pure white corollas and the exserted stigmas. 

Cebtbum ALTERNiFOlilUM (Jacq.) 0. E. Schulz in Urban, Symb. Antill 
6 : 270 1909-1910. 

Ceatrum vettperitnum L. Mant 2 : 206 1771. 

Wo have in the Venezuelan herbarium no less than five distinct collections 
proceeding from several distncts of the warm and temperate belts, which 
evidently should be included under this name. But, though very much 
alike in their appearance, the shape and indumentation of the leaves, etc 
they show the greatest disparity m tho dimensions of the several parts of the 
flowers. We give hero the extreme results of the dissections made: 

Calyx 2.6-4 5 inm Corolla 15 5-30 5 mm , the lobules 4-6 5 mm long 
Stamens 14-23 mm , the free part of the filaments 0 5-2 3 rnm 

As those lengths are in no way correlative, there is hardly a possibility of 
establishing on them well defined varieties. The collections of Sacr nos 15 
and 184 may correspond to the var pendulinum (Jacq ) 0 E. Schulz, while 
this last author attributes the specimens collected by Johnston at El Valle, 
Margarita Island, to his var mitanihum. 

Oestrum Diasae Pittier, sp nov. 

Arbuscula e basi multiramea, ramis virgatis, teretibus, rainulisque brcvibus 
villoso-tomentosis sparsissime glandulosis; foliis parvis coriaceis breviter 
petiolatis, petiolo margmato inarginibus tomentosis, lainims ovalibus basi 
cuneatis in petiolo decurrontibus apicc subobtusis subacutisve supra lucidis 
solute viridis plus minusve asperulo-villosulis venis pnmanis plerumque 
7 impressis, subtus pallidioribus stcllulato-tomcntosis costa venisque proml- 
nentibus; pseudo-stipulis foliaceis, parvis; inflorescentia rainosa, flonbunda; 
flonbus in axillis spicatis, parvis, scssilibus vel breviter pedicellatis, bracteis 
parvis, obovato-oblongis, villosis, caducis, calyce infundibuliformi, 5-ncrve, 
extus glanduloBo-villoBO, dentibus brevibus tnaiigularibuB apice subacutis 
TOmmllatis; corolla brevi, tubo infunibuliformi, extus glabro violaceo- 
flavesoente, lobulis ovalibus imbncatis, extus atro-violaceis mmutissimo 
pubmoentibuB, marginibus introfloxis, pallidioribuB, minute tomentosis; 
staminibus tubo ad medio adnatis, filamcntis laevibus, anthens ovato- 
cordntis, obtusis, glabns; ovano glabro, stylo lacvi, stigmate, capitellato. 
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Arbusoula circa 1 m. alta. Petiolus4-7 mm. longus; lamina 3.&-4.S cm. 
loDga, plus minuBve 2 cm. lata. Pseudo-stipulae cum petiolo 1-1.5 mm. 
longo, circa 1 cm. longae, 0.6 cm. latac Rainuli florifen 3.5-10 cm. longi. 
Flores 12.2 mm. longi Calyx 4-6 mm longus, dentibus 0 5-0.8 mm. longis. 
Corullae tubus 0 0 mm longus, lobuli 2.3 mm longi. Stamlnum pars libera 
plus minusve 5 mm. lunga. Pistillum circa 1 cm. longum 

M£rida Misintii above Mucuchfes (3500 m.) on dry slopes; flowers 
Feb 5, 1928 (PtUier 12919, typo). 

This species df»cs not seem to have close ufimities with any of those reported 
from the upper bolt of the Andes I have named it in honor of my diligent 
assistant. Miss .Margot Dios, who has cleverly prepared all the dissections 
related to the Venezuelan species of Oestrum m our herbarium. 

Ckstrtjm TiNCTOMiuM Jacq. Ilort. Schoenbr 3: 45, t 3SB. 1798. 

The type of this species, which we have not seen, is from Caracas, where it 
was collected either by Jacquin himself or by Bredemeyer. Schulz con- 
siders it as a sunplc variety of C dturnum, identical with his var. veneneUum 
(Mill ) Tlie ciinracters given for the corolla m the original description, 
however, do not seem to favor this view Besides, since C. dturnum does 
not exist in wild condition in Venezuela, it is unlikely that one of its varieties 
could have licon collected near Caracas 

Cebtritm i*OTALrAEFOLiLiM Dunal in DC Prodr. 13‘: 638. 1862. 

Collected somewhere in the Andes by Montz (no 824, type), this im- 
perfectly known shrub does not seem to have been seen again. The quotation 
Colombia, in the Prodromus, is inaccurate, Moritz not having reached that 
country in his travels. 

Oestrum dubium Pittier, sp nov. 

Arbor parva (K Pittlcr), ramis flcxuosis, glabris, parte defoliata cicatri- 
culis fohonirn dolapsorum dense obtecta, juveniis angulosis, irregularitcr 
sulcatis; foliis conaceis, petiolatis, cxstipulatis, glalierrimis, petiolo canali- 
culatn, lammis oblongo-eliipticis, basi ciineatis, apicc acutis, supra obscure 
viridiH, costa venisque primanis 9-12 impressis, subtus pallidioribus, costa 
venisque promincntibus; inflorcscentia terminal!, pauciflora, spicis subcicin- 
iiutis, floribuH purpureis, ebracteatis, pedicellatis, interdum (torminalibus) 
BcssilibuH, colycc tubuloso, tubo striato, glabro, dentibus irregularibus, 
triangularibus, apice puberuhs; corolla infundibuliformi, glaberrima, lobuUs 
obloiigis, apice obtusiusculis, marginibus introfloxis, staminibus ad medium 
lulx) odnatis, filamcntis luevibus, basi Icviter incrassati, ovario styloque 
glabro 

Potioli 0.6-1 cm longi, lammae 8-13 cm. longac, 2.8-4 1 cm. latae. In- 
florescentia 7 cm longa. Hores circa 18 mm longi. Pedicelli 0-6 mm. 
longi. Calyx circa 5 mm. longus. Corolla circa 17 mm. longa, lobulis 5-6 
mm. longis. 

Federal District: Forests around Los Venados de Galipan, 1500-1800 
in , above Caracas, flowers Oct 25, 1921 (Emtlto H. PtUier 166, type). 

The only specimen at hand is very deficient and had a single complete 
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flower. It evidently should be placed near C. potaliaefdium from which it 
is distinguished by the smaller, coriaceous leaves and the larger flowers. 

CasTRtni sAuciFOUuu Jacq. Hort. Schoenbr. 3: 42, 1. SSe. 1798. 

T)rpe from the vicinity of Caracas, where it was collected again by Hum- 
boldt and Donpland. Our smgle specimen is from the State Miranda, where 
Allart found it at Quebrada de laa Comadres, near Las Mostazas, 1100 m., 
at the headwaters of the Guayas River In the mam, our plant agrees with 
the descriptions. 


Oestrum caloneurum Pitticr sp. nov. 

Arbor parva, ramis ramulisque virgatis, apice plus minusve pulverulcnto- 
pubescentibua; foliis coriaceis, glabernmis, prtiolatis, pscudo-stipulis munitis; 
petiolo pro gencrc longo, canalioulato, costaque nigrescente; lamims clliptico- 
lanceolatis, basi longe cuneatis, apice sensun acummatis acutissimis, supra 
nigrescentibus costa impressa vems primuriis circa 20 venulisque prominulis, 
subtuB palhdionbus costa venisque prummentlbus venuhs prominulis; 
ma^mbus minute revolutis; paeudo-stipulis falcatis, glabns, persiatentbus; 
floribus pedicellatis, bracteolatia, in panicula composita dispositis, cincinnis 
axillanbus, paucifloribus, rhachi dense cano-tomentcllo ; pedicellis brevibus, 
interdum subnullis; bracteoUs subulatis, caducis, calycc tubuloso-cupulato, 
tubo bast cano-pul^rulo, dontibus parvis, irregulanbua, acutis, Intus fulvo- 
pubescentibus, marginibus ciliatis, corolla virescente, tubo mfundibuliformi, 
glabro, lobulis ovato-lanceolatis, obtusiusciilis, marginibus mtroflexis, parcc 
tomentellis; staminibus od 1/2 tubo adnatis, filamentis basi leviter in- 
crassata, interdum parcissimc minutissimeque pilosulis, anthens subglobosis, 
stylo glabro, atigmate discoidoo 

Arirar 2-4 m alta. Petioli 1.2-2 5 cm longi, laminae 7 5-18 cm. longae, 
3-6 cm latae Fscudo-stipulac 0 5-1.2 cm longae Pamcula ad 15 cm 
longa, cincinni 2 5-7 cm. longi Flores circa 2 2 cm longi Pedicelh 0-3 
mm. longi. Calyx 10 mm. longus Corollae tubus circa 1 7 mm. Inngus, 
lobuli 3.5 mm. longi. Filamenta 6 5-7 mm. longa. Stylus circa 13 5 mm 
longus. 

Araova: C'olonia Tovar, 1800-1900 m , in cloud-forests; flowers December 
28, 1921 (PtUter 10045, type). 

This species forms with Ceatrum calycoaum a group characteniied by the 
larger dimensions of the calyx as compared with the corolla Also both arc 
small trees, inhabiting the high forests of the coastal range of Venezuela 
But they differ entirely in the size, shape and consistence of the leaves which, 
besides, are exstipulato in C. calycoaum and provided with characteristic 
pseudo-stipules in C. caloneurum. 

Cestrum calycosum Pittier, sp nov. 

Arbor parva ramis ramulisque flexuosis, glabns, lentigmosis; foliis magnis, 
glabns, membranaceis, longe petiolatis, exstipulatis, petiolis cunaliculatis, 
laminis oblongo-ellipticis, utrinque atlenuatis, basi cuneatis, apice ocutissime 
breviterque acummatis, supra laete viridibus, Bubtus parum pallidioribus, 
costa venisque prunanis circa 18 tenuibus prominent ibus; infloresccntia 
terminah, pauciflora, rhachi toraentello-puberulo; floribus sossihbus pedi- 
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lutis; pscudo-atipulis foliaceis, parvis; raoemis axillaribus, sessilibus peduncu- 
latisve, petiolis duplo-quintuplove longioribus rhaohl lanuginoso; floribus 
sessilibuB, glomoratis, coogestia, stipulls parvis obovato-linearibus caducis 
Buffultis; oalyce poculiformi, atriato, atellulato-Ianguinoao, dentibua parvis 
acutia inaequalibua; corolla albida, tubo infundibullforml, atriato, glabro, m 
aicco aordide flavescente, lobulia ovabbus, apice aubobtusia, in siooo fuaoo- 
badiis, marginibus uxtroflcxia tomentosiniiscuuB, filamentia usque ad medium 
tubo adnatia, parte bbera supra basin geniculato-tumida, basi plus mmuave 
villosula, anthens ovato-rotundatis minutiaamio puberulw, ovano obovoideo, 
glabro; stylo glabro, fibforme; stigmate diacoideo. 

Arbuscula circa 1 m alta. Petioh 1 2-1 5 cm. longi; laminae 11.5-22 cm. 
longae, 3-10 cm. latae. Paeudo^tipulac 1-1.5 cm. longae Racemi 3-6.6 
cm. longi. Flores 13 -16 mm longi. Brocteolae 1-3 5 mm. longae. Calyx 
3..'i-6 5 mm. longus. Corolla 10 6-14.8 mm longa, lobulis 1 6-2.5 mm. 
longia. Filainentonim pars libera 4 5-5 mm. longa PistiUum 13 mm. 
longum 

Trujilix): Mendoza, 1225 m , in shady places of the nver flats and in 
coffee plantations; flowers January 19, 1928 {Pittier 12039). The type 
{Monlz .309) is wrongly given as from Colombia. 

Xotwithstandmg the much larger leaves and a few other rather sbght dis- 
crepancies m the description, our specimens evidently correspond to Dunal’s 
species under the above name It is not a species of the higher regions, but 
IS to be looked for m the tierra templada In Mendoza it is known vernacu- 
larly as guacJiauiqutlo. Its racemose inflorescences arc stnking and char- 
acteristic 

Cestrum nooturnum L. Sp. PI 1; 191 1763 

Federal District: Coromoto, 900-1000 m , valley of Camurl Grande 
on the coast east of La Guaira, in garden; flowers November 8, 1926 (PtUier 
13029) — ^Estado Araqua’ La Trimdad de Maracay, 440 m., in bushes; 
flowers February 2, 1913 {PUUer ,5797) 

No. 13029 IS our latest acquisition m the gonus and it agrees fairly well 
with Dunal’s description, though less with O. E. Schulz's, with one excep- 
tion, which may distinguish it os a special typo The teeth are borne on 
the adnaU- port of the filament and not on the free part. Several flowers have 
been examined and all show the same very large and obtuse teeth, inserted 
below the emergence of the filaments. At first, I felt inclined to separate 
this shrub as a distmet species and had even given it a name suggested by 
the relatively largo size of the teeth But, on second thought, the name 
noclurnum was preserved, until the neceasary comparison of specimens can 
be made The plant bchave.s exactly as described for C. nodumum. 
When I collected my specimens, the corollas were odorless and closed tight 
as if still immature, but when I put them m the press at dusk, they were 
broadly open and emitted a strong, sweet scent. 

Specimens of our no. 5797 we have not at hand and its identification, 
which, until verified, should be considered doubtful, was made at Washing- 
ton, perhaps by myself. 
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Castrum bigtbboBum Pittier, ep. bov. 

Arter parva, ramis ramulisquo flexuoais, cortice griseo laovi tectis; foliis 
magnis, membranaceis, petiolatis, glaberrimis, oxstipulatis, petiolo oanah- 
culato, lamlniH elliptico-lanoeolatis, basi acutiB in petiolo decurrentibuB, 
apice aouminatis tenuiter cuapidatia, supra laete viridifl minutisaimc reticulatis, 
oosta venisque primariis circa 12 impressiB, venulis vix prommulis, subtua 
pallidionbus oosta vemsque prominentibua, mfloreacentia tennmali, brac- 
teoaa, depauperata, perdatcnti rhaehi parce puberulo, bracteae lanceolatac, 
Muminatae, glabrae; floribua breve pedicellatia bracteolatis; bracteolia 
lineari-subulatis, pediccUisque puberulis; calyce tubuloso-infundibubfonni, 
plus minuBve inegulanter 4-^entato, extua glabrato, dcntibua parvia, 
obtueius^is, apice puberulis, ainubus latis; corolla idba, tubo glabro baai 
tenui apice sensun ainpbato, lobulis ovalibua oblongisve apice oblusia, mar- 
ginibua anguste introflexis, dense puberuUs, ataminibuB usque ad i tubo 
adnatis, filamentis glabna baai bigibboaia, anthena ovalibua, puberulm; 
pistillo glabro; stigmate capitato. 

Arbor 2-4 m. ita. Petioli 1.6-2 cm longi, laminae 15-28 cm longae, 
4-9 cm. latae. Bracteae 1-2.5 cm , bracteolae 1-3 mm longae. Pedicelli 
circa 1 mm. longi. Flores circa 2 mm longi. Calyx 5 mm longua Corollae 
tubus 1.5 mm longua, lobuli 4-4 5 mm. long). Filamenta 3 mm. longa 
Piatillum 11 mm. longum. 

Fedebal Distbict: Between Aguacatal and Alto del Cogullal, 1500 m , 
valley of Puerto La Cruz, in dense forests; flowers February 18, 1921(Pi«iir 
9245, type). 

Cestrum bigtbbosum, which I have not been able to match with any other 
described species, is distinguished by its very large leaves, and its long- 
adnate filaments provided near the base of the free part with two well formed 
protuberances 


Cestrum omplum Pittier, sp. nov. 

Arbuscula ramis crossis, crcctia, atro-violoceis, glabemmia, fohoais, foliis 
conaceis petiolatis, plus mmusve complicatia, glabernmis, petiolo conali- 
culato, Tugoso, in aicco nigresconte, lamima ovato-lanceolatia, basi cuneatia 
apice acutia aubcuspidatisve, supra lucidia, costa imprcsaa venis prunariis 
10-11 venulisque prominulis, subtus pallidionbus costa venisque prunariis 
valde prommentibus venulis reticulatis prominulis, marginibus revolutis, 
stipulis foliaceis, parvis; inflorescentia paniculata, ampla, spicis axillonbus 
defoliatis densifioris, laxis, fobis subaequantibus, flunbus pedicellatis sub- 
sesabbusve, pedicellis suberassis calyce brevionbus apico bracteolatis; bracteis 

C i minusve foliaceis plenimque Imean-ellipticiB, quam calyce saepe longiori- 
, nervo medio conspicuo, bracteoliB Imeari-filiformibus, brevibus, calyce 
tubuloso-poculiformi, tubo ^bro plus mmusve stnato, dentibus irrcgulan- 
buB, plenimque angustis, duobus saepe ad medium adnatis, apice acutis, puberu- 
lis; ooroUa e basi ongusta sensim dilatatu, violacea, tubo glabro, lobulis 
ovatis ovato-ellipticisve, acutis, extus glabris, intus margmibusque intro- 
flexis fulvo-tomentellis; staminibus usque ad medium tubo adnatis, glabris, 
filamentis basi mbbosis, levitor incrassatis: antheria suborbicularibus; ovano 
subovoideo, stylo elongato filiformi, stigma discoideo minutissime puberulo. 

Arbuscula supra metralis. Petioli 0.6-1 cm. longi; laminae 9-11 cm. 
longae, 2.5-3.7 cm. latae. Stipulao 1.6-2.S cm. longae. Ponicula usque ad 
30 cm. longa, basi 20 cm. lata; spicao 10 cm. longae vel breviores. Pedicelli 
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0-3 mm. longi. Braoteae 4-6.6 mm., bracteolae 1-3 mm. longao. Calyx 
7.3-7.7 mm. longus. Corolla 20-21 mm. longa, lobulis 4-6 mm. looc^. 
Ovarium 1.2 mm. longum, 1.1 mm. diam.; stylus circa 2 cm. longus. 

M£bida: P4ramo de El Morro, 2800 m.; flowers April 1, 1022 (A. John 
1075, type). 

This species was identified at first with Culrum Lindeni Dunal, but on 
further examination it was found that the leaves are on the whole shorter and 
narrower, the panicles larger, the flowers much longer, etc. Furthermore 
the type specimen of C. Lindem seems to have suggested to its desoriber a 
scandent shrub, while our C. amjAum is without any doubt an erect plant, 
as seen by the specimens and also because a species with climbing habit ^ould 
hardly be in its place among the low vegetation of a paramo. 

Cestrum mac'rophtllum Vent. Choix dcs PI. 18, t. 18, 1803. 

Plant known hitherto only from Santo. Domingo and Porto Rioo, and re- 
ported by Rusby & Squires (no. 327) as part of their collections on the Lower 
Orinoco in 1896. This indication is doubtful 

Oestrum Lindeni Dunal in DC. Prodr. 13' : 611. 1852. 

The type was collected in the Andes of Trujillo, at 3000 m., by Linden 
(no. 784). It differs from our C. meridanum mainly in its larger glabrous 
leaves and longer flowers. I have not seen the plant. 

Cestrum meridanum Pittier, sp. nov. 

Arbusoula rainis eroctis densiuscule stellato-tomentosis; foliis conaceis 
exstipulatis (^), petiolo brevi, sulcato, hirsuto, laminis ovalibus, basi cuneato- 
attenuatiB apicom versus sensim angustatis acutiusculis, supra costa improssa 
puberula excepta primum parce stellulato-villosulis cito glabns sublucidis, 
crebre reticulatis venis pnmants circa 12 venulisque prommulis, subtus 
parce stellulato-tomcatosis costa venisque prinmnis dense rufescenti-tomento- 
sls prominentibus, margmibus minute revolutis; inflorescentia e spicis brovi- 
bus in axillis subverticillatis, multifloribus composita; floribus tenmbus, 
sessilibus brevissime pedicellatisve; bracteoli-minutis, oblongis, basi attenua- 
tis, obtusiusculis, calyce cyathiformi, stnato, extus villoso-tomentosulo, 
dentibus brovibus subacutis, smubus acutis; corolla mfundifuhformi, vlrido- 
flavoscente, glabra, tubo tenui, lobulis late ovatis obtusis, marginibus vix 
revolutis; stammibus usque ad | tubo adnatis, glabris, fllamentis supra 
basm geniculato-gibbosis, antheris flavis; ovario globose, stylo glabro; 
stigmate capitellato, discoidoo, minute puberulo. 

Arbuscula 0 80-1.20 m. alta. Petloh 4-8 mm longi; laminae 7.5-9 cm. 
longM, 3-4 6 cm. latae. Bracteao 3-4 mm. longae. florra circa 16 mm. 
longi. Calyx 5-6 mm. longus. Corolla 15-16 mm. longa, lobulis circa 3 
mm. longis. Filamentorum pars libera 5-6 mm. longa. Stylus 13 mm. 
longus. 

Merida: Vicinity of the city of Mfirida, 1700 m., in bushes; flowers 
February 3, 1928 (PtUier 12858, type). 

Belongs to the group of C. Mieraianum but differs in its general appearance 
and especially in the shape and size of the flowers. 
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Cestbum Miebsianxtk Wedd. Chlork Andina 2: 97. 1857. (Descr. emend ) 

Arbiucula ramis suborasaifl virgatte ramulisque brevlbus pulverulento- 
tomentosis; foliia exatipulatia, ooriaceis, breviter petlolatis, petiole villoso, 
Btellato-tomentoao, laminis ovalibua l^ceolatisve basi rolundatis, apice 
aoutia subacutisve supra pnmum paroe stcUato-pilosulis in aetate glabratis, 
Bubtus paUidionbua plus minuave stellato-tomentosis tomento rufescente, 
floribua aesailibuB raro breviter p^icollatis in ramulia brevibus axillaribus 
plus minuBve defoliatia mflorescentiam terminalem valde multifloram conges* 
tunque efformantibus; calyce tubuloso, extus puberulo vel tomcntello, 
tubo elon^to dentibus brevibus obtusiusculis, corolla aequaliter tubuloso- 
mfundibuliformi, tubo flavescente, glabro, lobulis ovatis, purpurascentibus, 
extus minute puberulis, mtus marginibusque introflexis tomenteUis; Btammibus 
umue ad ] tubo adnatis, glabris; fibunentorum parte libera basi crassiora 
gibboaa, pistillo oapitellato, supeme minutissime pilosulo. 

Arbuaoula circa metralis Petiolus 4-6 mm. longus; laminae 5-6.5 cm. 
longae, 2.&-3.5 cm. latae. Flores 2 cm longi: cal3rx 5 8-7 4 mm. longus 
irrf^gul^ter dentatus, corolla 1 7-1 9 mm. longa, lobulis 3-4 mm. longis. 
Staminum pars libera 5 5-6 mm. longa. Stylus 1.5-1. 7 mm. longus. 

Type from Sierra Nevada de Santa Marta, 3300 m., Colombia (Linden 
1615). 

Merida: San Rafael de Mucuchles, 3150 m., fl. January 22, 1922 
(A. John 767). 

The specimens in our herbarium agree in the main with Miers, sucemt 
description, the principal differences being the ovate rather than lanceolate 
leaves and the flower twice longer. We know however that in this genus the 
the shape of the leaves is variable and on the studied specimens there are 
also a few flowers apparently fully developed and not cxcocdmg the dimension 
given by Weddell. Locally, the shrub is known as umlo. 

PROCEEDINGS OF THE ACADEMY AND AFFILIATED 
SOCIETIES 
GEOLOGICAL SOCIETY 
479th mretino 

The 479th meeting of the Society was held in the Assembly Hall of the 
Cosmos Club, May 13, 1931, President O. E. Mkinzbk presiding 

Section V of the Standing Rules of the Society was amende to read as 
follows: 

V. — Annual Meeting and Election of Officere. The order of procedure at 
the annual meeting shall be as follows: 

1. Reading of the minutes of the last annual meeting. 

2. I^resontation of the annual reports of the Secretaries. 

3. Presentation of the annual report of the Treasurer. 

4. Announcement of the names of members who, having comphed with 
Article HI of these Standing Rules, are entitled to vote on the election of 
officers. 

5. Election of President. 

6. Election of two Vice-Presidents. 

7. Election of Treasurer. 
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8. Ehctioa of two Secretariee. 

9 Election of five mcmbenMit-large of the Counoil. 

10. Consideration of amendments to the Constitution. 

11. Reading of the rough nunutes of the meeting. 

The election of officers shall be conducted as fcffiows: The President shall 
annually appoint, at least four weeks before the Annual Meeting, a Committee 
of three active members, not members of the Council, whose duty it shc^ be 
to propose the names of one or more candidates for each office of the Society, 
the names to be presented at a meeting of the Society at least two weeks prior 
to the Annual Meeting. Additional nommations for each office may be made 
from the floor at the Annual Meeting by an active member qualified to vote 
and the additional nominations shall be added to those proposed by the 
nominating committee, provided each such floor nomination be seconded by 
at least two other members present 

Election shall bo by written ballot in the ortler specified above. The elec- 
tion shall be by wntten preferential ballot, counted by the Haro method, in 
accordance with the rules, given on pages 13 to 16 in Leaflet No. 11 of the 
Proportional Representation League, for the “exact” method of counting 
ballots. (A copy of Leaflet No. 1 1 of the Proportional Representat ion League 
is made a part of this Section ) 

Regular program: W, G. Pisrce: Small folds produced by slumping in 
southeastern Montana . — In southeastern Montana, roughly 25 miles southwest 
of Miles City, three small asymmetncal folds wore found. Two of them are 
oArerthrust and slightly sheared. They occur in the Tullock member of the 
Lance formation in an area where the beds are practically horizontal and from 
25 to 100 miles from regions of known crustal compression. In two of the 
three folds, thm coal scams are the principal beds involved in the folding. 
The folding has taken place after consolidation and metamorphism of the 
coal to BubbituminouB rank, so that the folds can not be a phenomenon of 
sedimentation. The outstanding features of the folds are. the folds do not 
persist with depth, they occur in the bottoms of valleys and only a few feet 
above the beds of creeks; alluvium is present a few feet above the folds and is 
not folded; the folds are parallel to the valleys in which they occur, the folds 
arc not all overturned m the same direction, two are asymmetrical to the east, 
and the third is asymmetncal to the west 

An unusual tjrpe of slump was noticed in the same area, a similar type of 
movement may have caused the small folds. The dimensions or movement of 
the slump are 215 feet vertical and 600 feet horizontal. The last part of the 
movement (85 feet exposed) was honzontal, on a bedding plane. Inasmuch 
as it has moved on a bedding plane, some thickness of strata was shoved up 
in front of the slump block. It is conceivable that the beds so moved would 
be shaped mto small folds and thrusts. 

Two methods of folding by the movement of a slump block arc possible: 
(1) By direct shoving against the strata normal to the beddmg, as just indi- 
cated. (2) If consideraole friction developed between the slump block and 
the underlying beds, the beds below the slump plane would be dranQged into 
small folds and overthrusts (Author's abstract.) 

Disouseed by Messrs. Bridoe, Bbvan, Sbabb, Goldman, and Mibeb. 

H. A. Mabmer: The determination of mean sea leeei.— Sea level varies from 
day to day, from month to month and from year to year. From one day to 
the next, sea level may vary by as much as a foot or more, while within a 
single year the altitude of sea level from two different days may differ by as 
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muob as Sve feet. The vari&tioa in sea level from month to month is in part 
periodic and in part non-periodic, and withm a single year two determinations 
of monthly sea level may differ by a foot or more. Yearly deicrmiiiatioiis of 
sea level may show differences of a quarter of a foot or more. 

The determination of mean sea level thus involves two problems; (a) how 
long a senes of observations is required to give an accurate determination of 
mean sea level? (b) how can sea level derived from a short series of observa- 
tions be corrected to a mean value? 

Since nineteen years is taken as constituting a full cycle m tidal work, this 
period of time is taken as giving a primary determination of mean sea level. 
It is found, too, that mno years of observations will give a sufficiently accurate 
figure for mean sea level for most purposes. Secondary determinations of 
mean sea level may bo derived from observations covering a period of a month 
or more, by correcting the sea level from these short senes of observations by 
comparison with simultaneous observations at some suitable station whore a 
long series of observations is at hand. In general it may be presumed that 
when corrected by suitable simultaneous observations, a month of observa- 
tions will give mean sea level withm 0.1 foot; a year will give it within 0.05 
foot; while four years will give it withm 0.02 foot. (Author’s abslrart.) 

Discussed by Messrs. Gilluly, Matthes, Meixzeh, Hewett, Brapley, 
and Mendenhall. 

W. P. Woodring, and W. S W. Kew: Tertiary and Pleistocene deposits 
of the San Pedro HiUs, Cab/omt'o. — Metamorphic rocks of doubtful Jurassic 
age ore the oldest rocks in the San Pedro Hills and the only ones that arc not 
of Tertiary or Quaternary age. Detntal deposits of middle M lucene ago, with 
Temblor mollusks and Forammifera of the Valvulinena ealtfornica zone, rest 
on the metamorphics Siliceous shales that are apparently of the same age as 
the lower part of the Modelo formation of the Santa Monica Mountains rest 
on the middle Miocene beds with gradational contact. They are overlain, 
apparently without discontmuity, by the upper Miocene diatomite. Resting 
disconformably on the diatomite are deposits of upper Miocene age consisting 
prmcipally of radiolanon mudstone, which are overlain, probably disconform- 
ably, by foraminiferal silt referred to the lower Phocene. A period of foldmg, 
the results of which are visible m all parts of the hills, followed the deposition 
of these beds. 

The earUest Pleistocene formation, which fails to crop out on the water 
front and therefore was unknown to Arnold, embraces a calcareous facies 
and a detntal facies that finger into each other At one loc.ality it is ovorLain 
by the silt that Arnold referred to the Pliocene, but elsewhere the lower part 
of the silt may be the equivalent of part of the calcareous formation The 
silt is succeeded by a granitic sand (Arnold’s lower San Pedro) At San 
Pedro the contact is gradational, but on Deadman Island, which has been 
destroyed, it was disconformable. Another period of folding, of mid-Plcisto- 
oene age, followed the deposition of this sand. These three Pleistocene for- 
mations may not differ greatly m age. 

After this penod of foldmg the hills were almost completely submerged 
and then rose intermittently. During this rise the conspicuous terraces 
were formed. FossiMerous deposits are found on the lowest four or five of 
these terraces. Those on the lowest one were called the upper tian Pedro 
formation by Arnold. It is relatively much younger than the strongly de- 
formed Pleistocene deposits. Along a mobile zone at the north edge of the 
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hills the youngest terrace and the deposits lying on it were deformed by 
renewed movements along earlier folds. 

All the Pleistocene beds are marine and contain abundant fossils. The 
different faunas have different temperature facies, but it is not yet clear 
whether they can be linked with glacial and interglacial stages. {AtUhon’ 
abstract.) 

Discussed by Messrs. Mendbmball, Hess, and Rubet. 

SCIENTIFIC NOTES AND NEWS 

W. C. Mendenhall, a member of the Acadeut, became Director of the 
Geological Survey December 21, 1931. His appointment by President 
Hoover is a promotion from within the service. Mr. Mendenhall has been 
connected with the Geological Survey for 38 years, having been appointed 
assistant geologist m 1894. He was ^logist m charge of ground-water in- 
vestigations from 1908 to 1912 and chief of the land claasification board of the 
Survey from 1912 until 1922, when he became Chief Geologist. 

The annual meetings of the Geological Societv of America, the Mineralogi- 
cal Society of America, and the Paleontological Society were held at Tulra, 
Okla., during Convocation week. The officers for 1032 are as follows: 

Gealomcal Society of America . — R. A. Daly, President, N. M. Fenneman, 
W. E. Wrather, R. S. Bassler (representing the Paleontological Society), 
and A. N. Winchell (representing the Mmeralogioal Society), Vtce-Preav- 
dents, C. P. Berket, Secretary; E B. Mathews, Treasurer; D. F. Hewett, 
A. C. Lane, W J. Meade, W. C. Mendenhall, Sidney Powers, Heinrich 
Ribs, and F R Van Horn, Councilors. 

Mtneralogtcal Society of America. — E. 8. Dana, Honorary President, A. N. 
Winchell, President; Joseph L. Gillson, Vice-President, F. R. Van Horn, 
Secretary, W, T. Schaller, Treasurer; Walter F. Hunt, Editor; C. 8. Ross, 
P. F. Kerr, W. S. Bayley, W J. McCaughev, and A. H. Phillips, Coun- 
cilors. 

Pateontological Society. — R. S. Babbler, President; 8. B. Pluuher, E. 
H. Sellardb, and C W. Gilmore, Vice-Presidents; C. 0 Dunbar, Treasurer; 
Walter Granger, Editor. 
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CHEMISTRY. — Syntheais of a humu»-nucUm, an important comtitueni 
of humtu in soils, peats and composts.^ Selman A. Wakbman 
and K. R. N. Iyer. (Commtinicated by C. Thom.) 

The chemical nature and origin of humus in soil, in peat, in com- 
posts and in other natural substrates, where plant or animal residues 
are tmdergoing decomposition has attracted considerable attention 
during the last century and a half. This problem is not only of 
theoretical interest, but of great practical importance, since humus 
plays an Important r61e in modtfying the physical, chemical and 
biological properties of the soil, as well as in making the soil a favorable 
medium for the growth of cultivated plants.* 

The problem of the origin and chemical nature of humus has been 
studied in this laboratory for more than 10 years. A number of papers 
have been already published, in which an attempt was made to study 
the process of tran^ormation of the plant and animal residues which 
give origin to humus. Three general methods of approach were 
employed, namely: 

(1) The decomposition of plant constituents of known chemical 
composition, such as cellulose, hemicelluloses, proteins, lignins, as 
well as various plant materials, such as straw, com stalks, various 
leaves and needles of trees, etc., by pure and mixed cultures of micro- 
organisms, under controlled laboratory conditions. The results 
obtained in these studies definitely established the fact that some of 
the plant constituents are decomposed very rapidly by microdrganisms, 

* Journal Seriea paper of the New Jersey A^cultural Experiment Station, Depart- 
ment of Soil Chemietry and Bacteriology Received December 12, 1931. 

» Summary papers dealing with the studies of the origin and chemical nature of 
humus were reported in Nat. Acad Sci 11: 47fr-t81. 1926; SoUSei 22: 123-162. 1926; 
Celluloeeohem. 8: 97-103. 1927; Naturwiss. 84: 089-096 1927; Trans 2nd Comm. 

Intern. Soo. Boil Sol. Budapest, A. 172-197 1929; Amer Jour Sci. 19: 32-54. 1930; 

Ztsohr. Pfl. Dong. Bodenk A, 19: 1-31. 1931. 
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leaving no definite residue except the synthesised cell substance of 
the microdrganisms, while other plant constituents are highly resistant 
to decomposition, especially under anaerobic conditions, and tend 
to accumulate, as shown by comparison with the total residual 
material.* 

(2) The analysis of the organic matter or humus in the soil itself, 
including forest, peat and mineral soils. The results obtained sub- 
stantiated marke^y the findings in the first series of investigations, 
namely that the organic matter or humus of the soil comprises, (a) 
complexes of plant origin, which have resisted decomposition by micro- 
organisms, although frequently considerably modified in their chemical 
nature, and (b) complexes synthesized by the microorganisms, during 
the process of decomposition. The fir^ group consists largely of 
lignins and modified lignin complexes, and to a leas extent of certain 
waxes and hemicelluloses, while the second group consists predomi- 
nantly of proteins and certain hemicelluloses.* 

(3) Synthetic processes, whereby complexes almost the same or 
quite siodlar to those found in the soil, peat and compost, or produced 
in the laboratory by decomposition of plant residues by microSrgan- 
isma, have been synthesized. It is the latter phase of the investiga- 
tions which will be reported here, since it completes in a way the cycle 
of studies and confirms the results obtained in the previous investiga- 
tions by the other procedures. 

Before reporting the results, however, it is necessary to define the 
terms commonly employed in the study of soil hiunus.* It has been 
recognized by the early students of ^e subject, such as Sprengel, 
Berzelius and others, that humus is not a homogeneous compound, 
but that it can be readily separated into two or more complexes. 

■ These studies have been described in a senes of papers by Waksmon, 8. A. and 
Heukelekian, H. Jour. Biol. Chem M; 323-342. 1023; Fourth Intern. Soil Sci Conf. 
Rome.8: 21&-227 1924; Waksman, S A and Tenney, F. G. Sod 8c{. 81:395-406 1020; 
84: 276-283, 317-333 1927; 86: 156-171 1928; 88: 55-84, 315-340. 1020; Wakaman, 

S. A. and Stevens, K R Sod Sci 86: 113-137, 230-251 1028; Waksman, S. A and 

Diehm, R. A. Sod Sci 88: 73-06, 07-118, 110-140 1031; Waksman, S A. and Gerret- 

ssn, F C. Ecology, 18: 33-60. 1031 

* These studies have been published in a senes of papers by Waksmau, S A , Tenney, 
F. Q and Stevens, K. R. Ecology, 0 : 126-144. 1028, Waksman, 8 A and Stevens, 
K R. Jour.Amer Chem Soc 01: 1180-1100 1020; Bod Sci 80: 07-116. 1030; Wake- 

man, S A. and Reuaser, H. W. Cellulosechem 11: 200-220 1030. 

' The term humus is used here to designate the soil orgamc matter os a whole, as well 
as the total organic matter in composts and peat which has undergone extensive decom- 
position as shown by a marked change in appearance, as well as in ohemioal composition, 
from the original material. 
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By using an alkali as the extraction agent, it was found that a part 
of the humus is soluble in this reagent and a part is insoluble. The 
soluble part was referred to as “humic acid," “ulmic acid,” “crenio 
acid,” etc., while the insoluble part was spoken of as “humin,” “ul- 
min,” “humus-coal,” etc. In more recent investigations, the alkali- 
soluble part is referred to as “humic matter,” “humus fraction,” 
“pure humus,” and the alkali-insoluble part as “non-humic matter” 
or “non-humus fraction,” etc. 

The existence of two different groups of complexes in soil humus, 
one of which forms a characteristic constituent of the humus and 
frequently makes up the larger part of it, has been established also by 
such reagents as dilute H|Ot solution, permanganate solution, hypo- 
chlorite solution, etc. That part of the humus which was acted upon 
by these oxidizing agents was believed to comprise the fraction which 
gives to the humus its specific, characteristic properties; the accumula- 
tion of this fraction was believed to be parallel with the extent of 
“hunoification” of the plant residues. The fact that this process of 
“humification” is accompanied by definite chemical changes in the 
residual plant constituents and possibly by the synthesis of new com- 
poimds has been also brought out by the use of acetyl bromide,* 
whereby it was shown that while fresh plant material is completely 
dissolv^ by this reagent, “humified” plant material leaves a con- 
siderable part unacted upon; this fraction, or so-called “pure humus,” 
is presumably the same or about the same as that which was 
previously referred to as “humic acid,” “humic matter,” etc. 

There is no doubt that the lignin in the humus originates largely 
from the plant residues, with possibly certain chemical modifications, 
such as loss of methoxyl groups,^ etc. The proteins, however, have 
been largely synthesized through the activities of microorganisms. 
Although in the fresh plant residues the ratio of carbon to nitrogen is 
from 200:1 to 50:1, ^e humus in the soil shows a much narrower 
ratio of C:N, about 10:1, with considerable variation, depending on 
the nature of the organic residues, extent of decomposition, environ- 
mental conditions, etc. This great relative increase in mtrogen 
content can be explained only by the fact that the nitrogenous com- 
plexes in the humus are rendered resistant to further rapid decomposi- 

* Kamr and Bodding-Wiegor. Helv Chem. Anta, 6 : 817. 1923; Springer, U. 
ZtMhr. Pfl. Dang. Bodenlc. A, 11: 313-366 1928; SS: 136-162. 1031; Oroeakopf, W. 
Buddeut Font Jagdi. 1931, p. 33-18. 

* Bee Fuoha, W. Die Ghemle der KoUe. J. Springer, Berlin. 1031. 
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Uml TliJs it ot o<nfliderable lyraotioal importance, tinoe it indieatee 
that either the organic nitrogenoiu eomplexee in the humut an not of a 
protein nature or, which ie probably more correct, that they an not 
in a free state, otherwise they would decompose as readily as the plant 
/ui<f anim/il proteiDB ordinanly do. 

A detailed study of the chemical cawpoaitioa of the oiganic matter 
in forest soils and in inorganic soils brought out deSnitely the fact 
that humus, or the organic matter of the soil which has undergone 
considerable decomposition, consists largely of two chemicid complexes, 
namely lignin (4(M5 per cent of the total humus) and of protein 
(30-36 per cent of the total humus), with smaller quantities erf other 
substances, especially hemicelluloses, and to a less extent fats, waxes 
and others. In spite of the high protem content of the humus, the 
nitrogen is not available to the growth of higher plants. The pos- 
sibility that we are dealing here with the formation of a tannin-protein 
or a lignin-protem complex* which would render the protein resistant 
to microbud attack has been su^^ested. It has also been suggested* 
that the formation of the resistant ' ‘humus" complexes of the soil 
is due to the chemical interaction of carbohydrates with proteins. 

Among the other characteristic properties of humus, to whidi 
attention may be called here, is its high basewMimbining power, which 
gives it a strong base exchange capacity, a phenomenon very im- 
portant in soil processes; this property of humus exists only to a 
limited extent in the original plant material, and is considerably 
greater than that of lignm. 

Since lignin and protein were found to make up a large percentage 
of the total constituents of humus, and since these substances were 
foimd to give to humus its most characteristic properties, it was 
considered important to begm the synthesis of humus with these two 
complexes. By mixing bgnm and protein m the same proportion 
that they exist in the sod organic matter, and allowing the mixture 
to undergo decomposition by microorganisms in sand and solution 
media, it was foimd that lignin had a depressive effect upon the 
decomposition of the protem, as measured by the evolution of COi 
and the formation of ammonia. However, this depression was only 

' Deh£mn, P P Ann Agron 14: 97-133 1888, Hobson, R P Thesu, Univ 

London, 1923, MoeUer, W Der Gerber No 1000, 1003, 1008 1910 (Chem Centrbl 

11,836 1910,1,30,440 1917); Jensen, H L Jour Agr 8oi U: 38-80 1931 

' Maillsrd, L C Gentse des mstiires praiAiques et dee mstiOrea humiquee Pans, 
1913 
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qiiaiititativ6 in nature, amounting to between twenty-five and fifty 
per cent of the total decomporition; in other words, in the presence 
(rf the li g nin mixed mechanically with the protein, there was twenty- 
five to fifty per cent reduction in the amount of protein decomposed 
in a given period of time. 

The protein was next dissolved in an alkali solution, and mixed with 
three to five volumes of a similar solution of lignin; the reaction of the 
mixture of the two solutions was then adjusted to a pH of about 4.5, 
where a precipitate was formed. The precipitate was now washed, 
dried and (dlowed to decompose. The complex underwent only a 
very limited decomposition, not much more than the “humic acid” 
obtained from soil or peat, by extraction with alkali and precipitation 
by acid. 

By introducing into the precipitating mixture bases, especially 
calcium, magnesium, iron, all of wUch are important in soil processes, 
and allowing precipitation to take place at a pH of about 7.0, a com- 
plex was obtained which showed all the characteristic properties of the 
important constituents of soil humus, formerly referr^ to as “humic 
acid.” Both in appearance, and in their chemical, physico-chemical 
and biological properties, the preparations were similar to the various 
“humic acid” or “o-humus” preparations that can be obtained from 
different soils. 

The lignin used for this purpose was prepared by extracting straw, 
previously treated with water and hot dilute mineral acid, with 4 per 
cent NaOH solution under 16 pounds pressure; the lignin was pre- 
cipitated with hydrochloric acid, and washed free from chlorides; the 
lignin thus prepared contained only traces of ash, nitrogen and car- 
bohydrates. As a source of protein, casein prepared after Ham- 
mersten and gliadin were employed. Five parts of lignin and one part 
of casein were separately dissolved in hot alkali solutions, the solutions 
were well mixed and the reaction adjusted by hydrochloric acid to 
pH 7.0; on adding an excess of CaCU solution, the complex was pre- 
cipitated; it was then washed free from chlorides. In a similar 
manner ma gnMinTn and iron compounds of the ligno-proteinates were 
prepared. The chemical composition of the “synthesized hiunus” 
thus prepared in the laboratory and the “natural hiunus” or the 
“humic acid” isolated from the soil are nearly the same and their 
behavior to different chemical reagents is alike. 

The decomposition of these ligno-proteinates was tested in solution 
and in sand media, inoculated with pure and mixed cultures of soil 
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microorganisms. Their decomposition was no more rapid than that 
of an equivalent amount of sod humus, prepared from peat or from 
soil (so-called “humic acid” or “ot-fraction of humus”). 

These “synthesized humus” complexes were found to have a highly 
beneficial effect upon soil microbiological processes, as shown by their 
influence upon the decomposition of dextrose by soil bacteria, growth 
and fixation of nitrogen by Azotobacter (especially the iron complex), 
decomposition of cellulose by bacteria and fungi, etc. However, 
although containing about 2 per cent of nitrogen, the complexes 
cannot be used as sources of nitrogen by the various soil organisms. 
The proteins have become “lignified” and in this condition cannot be 
readily attacked by the common soil microdrganisms. 

Chemically and in their base-exchange capacity the “artificial- 
humus” complexes behave exactly in the same manner as that part of 
the soil humus which is soluble in alkalies and is precipitated from 
the alkali solution by acid, namely the “humic acids” or the “o- 
humus.” 

The authors believe that they have succeeded in synthesizing from 
plant constituents, in the laboratory, by simple chemical treatment, a 
complex which has the characteristic properties of the most important 
constituent of the soil humus. The most appropriate name for this 
complex would have been “synthetic humus,” which it actually is; 
however, since this term has been so much used and misused historic- 
ally for preparations which have nothing to do with the soil humus, 
such as the dark-colored material obtained on treating various sugars 
and other carbohydrates with sulfuric and hydrochloric acids, this 
term will be avoided. It is proposed to apply to these complexes the 
name humus^ucleus, since they form the nucleus of the humus in 
soils, peats and composts, making up 60 to 80 per cent of these mate- 
rials, depending on their nature and degree of decomposition. 

The mechanism of formation of the humus-nticl^ in soil can be 
schematically presented as follows: 

When plant residues are introduced into the soil, rapid decomposi- 
tion will set in, under favorable conditions of temperature and mois- 
ture, immediately. However, the plant material does not decompose 
as a whole; some of the constituents, especially the water-soluble 
substances, such as the sugars and amino acids, are attacked imme- 
diately by a large number of fungi and bacteria; these are followed 
soon by the decomposition of the starches, proteins, certain hemi- 
celluloses (pentosans, mannans) and the true cellulose; some of the 
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coDstituents, like the sugars, starches and proteins are attacked by a 
great variety of organisms, while others, like the cellulose, are decom- 
IXMjed only by certain specific fungi and bacteria, some of which are 
highly selective in nature; the lignin is, of the more ab\indant plant 
constituents, most resistant to decomposition, especially under 
anaerobic conditions. These decomposition processes are accom- 
panied by continuous synthesis of microbial cell substance, due to the 
rapid multiplication of the bacteria and f\mgi decomposing the plant 
constituents, to the rapid development of the protozoa, nematodes and 
other invertebrates feeding upon the bacteria and the fungi as well as 
upon some of the undigested or partly digested plant residues, and 
finally to the development of various microbrganisms feeding upon 
the. products of the metabolism of the other organisms, such as the 
algae, autotrophic bacteria, etc. These synthetic processes result in 
the building up of considerable quantities of microbial cell substance 
which is rich in proteins (10 to 60 per cent) and in certain hemicel- 
luloses (microbial gums, slimes). In view of the fact that this cell 
substance is considerably richer in nitrogen than the original plant 
residues (most of the plant residues containing only 1.2 to 6 per cent 
protein), there is a continuous accumulation of the protein with the 
advance of the decomposition of the plant residues. This protein 
does not remain in a free state or in the microbial cell substance, but 
with the breakdown of the latter by other miorobrganisms, the protein 
combines with the lignins and the modified lignins of the plant resi- 
dues, liberated as a result of the decomposition of the cellulose, to give 
rise to ligno-protein complexe.s; this renders the proteins resistant to 
rapid decomposition. These complexes are acid in nature, and in the 
absence of bases in the soil or in the plant residues, they make the 
humus acid, as in the case of the upper layers of organic matter in the 
raw-humus forest soils. However, in the presence of bases, especially 
calcium and magnesium, they interact with these to give rise to 
calcium and magnesium ligno-protemates, which ore neutral m reac- 
tion or only slightly acid. With an increase in the formation of the 
ligno-proteinates, especially their basic compounds (Ca, Mg, Fe, etc.), 
there is a darkening in the color of the mass undergomg decompiosi- 
tion; this dark color is a characteristic property of the ligno-proteinates, 
depending on the degree of their oxidation, nature of bases, etc. 

The ligno-proteinates form the most essential constituents of the 
soil humus or the nucleus qf the humus. They are accompanied by 
various other organic complexes, of plant, animal and microbial 
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origin, undecompoeed or in the process of decomposition. Here 
belong certain hemicelliiloses, especially pectins and other uronio 
acid complexes, a small amount of cellulose (especially in the surface 
layers of forest soil), fats, waxes, corky substances, various organic 
acids, alcohols in a free or combined state, etc. 

The total organic matter of the soil, or the soil humus, can thus be 
divided into two distinct groups: 

1. The humua-nxideua consisting of ligno-proteinat^, combined with 
bases, thus giving H-ligno-proteinate, Ca-ligno-proteinate, Fe>ligno- 
proteinate, Al-ligno-proteinate, and probably alro with silicates and 
phosphates, to form organic-inorganic complexes, which give to the 
soil its characteristic colloidal properties. These ligno-proteinates 
are probably combined also wi^ certain other organic complexes, 
such as the hemicelliiloses. This is the fraction which has formerly 
been referred to as “humus,” “humic acid,” “ulmic acid,” “humic 
bodies,” etc. It is the mobile fraction of the soil organic matter 
(which is probably active in removing the bases of the surface soil 
layer in the process of podsolization). It b the resbtant fraction, 
which immobilizes the soil nitrogen. It b the “humified” fraction, 
which gives to the soil its characteristic color and organic colloidal 
properties. 

2. The remaining constituents of the humus, comprising cellulose, 
hemicelluloses, starches, fats, waxes, etc. Thb fraction consbts 
largely of plant residues in the active stages of decomposition and b 
particularly abundant in composts, in the surface layers of forest soib, 
in highmoor peats, etc., while it b low in those natural substrates where 
the plant organic matter has undergone considerable decomposition, 
such as inorganic soib, lowmoor and sedimentary peats, and may even 
disappear in the course of time, as is possibly the case of Cassel Brown 
and coal. Thb fraction has been usually referred to as “humin” 
(although under this term as well certain of the ligno-protein complexes 
might have been included), “non-humic bodies,” etc., as well as 
“crenic,” “apocrenic,” “fulvic,” “humal” and other so-c^ed acids. 

In view of the fact that the ligno-proteinates, or the humua-nucleua, 
tend to have a definite ratio between the lignin and the protein, we 
would also expect a more or less definite ratio between the carbon 
and nitrogen in the complex; actually the preparations synthesized 
and isolated from the soil contain about 3 p>er cent nitrogen, which 
gives about 81 per cent lignin and 19 per cent protein. By allowing 
62 per cent for the carbon content of the lignin and 50 per cent for the 
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carbon content of tbe protein, and four parte of lignin to one part of 
protein the complex ehould contain theoretically 69.6 per cent carbon. 
However, the presence in the soil humiis of other organic complexes, 
of a lower carbon content, will reduce this percentage of the carbon 
in the humus, especially in the case of the surface layers of forest soils, 
composts, highmoor peats, which contain considerable quantities of 
cellulose, hemicelluloses and other complexes, of a lower carbon 
content. These ligno-protein complexes are not absolutely resistant 
to decomposition, but can be attacked by certain organisms, such as 
the edible mushroom and probably various other higher fungi, such 
as the tree-forming mycorrhiza. The correlation between the two 
groups of complexes in the humus need not, therefore, hold true for 
all forms of humus. One can readily imagine that under certain 
conditions, as in certain processes of podsolization, some of the com- 
pounds, such as the proteins (possibly due to the destruction of the 
lignins by certain specific fungi), should be removed more readily 
than the others, as a result of which we may find in the accumulation 
horizon organic complexes of a higher nitrogen content. Under other 
conditions, as in highmoor peats, where the accumulation of nitrogen 
complexes is only very limited, the humxis-nucleus may be much less 
abundant than the remaining part of the humus; this nucleus, if formed 
at all may be poorer in protein than the nucleus in soil or lowmoor peats. 

While lignin itself has only a very low base-exchange capacity 
(about 6.5 M. E. per 100 gm.), the ligno-protein complexes were found 
to possess a very high capacity for base absorption and exchange 
(between 120 and 130 M, E.). Lignin no doubt undergoes, in the 
process of decomposition of plant residues, certain processes of oxida- 
tion and de-methoxylation. In this state, it interacts with the 
proteins, largely synthesized through the activities of the micro- 
organisms. The nature of the complex formation is still problemati- 
Cfd. Several possibilities present themselves. One is between the 
NH| giroups of the protein molecule, reacting with a carbonyl group, 
either ketonic or aldehydic, in the lignin molecule, as shown by the 
following reaction '® 

C„H«0„ (OCH,) • (COOH) • (OH)«-CO +H,NRCOOH 
Lignin Protein 

C„H4,0„(0CH,) ■ (COOH) • (0H)4*C = HN-R-COOII +H,0 
Humus-nucleus 

'• Thw reaction has been suggested by Dr M Phillips of the Bureau of Chemistry 
and Soils. 
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A compound of this type would be quite stable, especially to hydro* 
lytic agents. It also explains the high base exchange capacity of the 
ligno-protein complexes. The protein is an amphoteric substance 
and, when the NHf group is ti^ up by combining with a carbonyl 
group of the lignin molecule, the acidic character of the COOH groups 
becomes prominent, which results in a decided increase in the ba^ 
exchange capacity of the complex. The COOH groups of the lignin 
molecule may also become more reactive with bases, as a result of the 
complex formation. The possibility of interaction of the NH| groups 
with the phenolic OH groups of the lignin or the acidic COOH groups 
may also be suggested, although the complexes of this type would be 
less stable than is the case of the “humus-nucleus." 

The synthesis of artificial humus, or a lignin-protein complex, 
offers numerous possibilities for further study, which would lead to 
the elucidation of the chemical nature of soil humus and its rble in 
soil processes. fk>me possibilities may be briefly outlined as follows: 

1. The nature of the replaceable hydrogen, since, aside from the fact 
that the original lignin has a low base-exchange capacity, the complex 
formed seems to possess a higher capacity than can be accounted for by 
the COOH group of the protein molecule. 2. The possibility of 
combining varying numbers of protein molecules with a given number 
of lignin molecules, thus accounting for the varying nitrogen content 
of the soil humus, formed in different soils, at different depths and 
under different climatic conditions. 3. The possibility of certain 
bases, like the sesquioxidcs, of forming compounds possessing definite 
amphoteric properties. 4. The possibility of using this complex for 
attaching molecules of other compounds, especially the hemicelluloees, 
which, due to the uronic acid complexes, possess base-combining 
properties. 5. The possibility of building up organic-inorganic 
complexes, which may account for a number of soil reactions, such as 
availability of certain soil minerals, especially iron, phosphorus and 
potassium, for plant nutrition, etc. 

PHYSICAL GEOGRAPHY.— TAe classification of peat soils.^ A. P. 

Dachnowski-Stokbs, U. S. Bureau of Chemistry and Soils. 

I 

It need scarcely l)o pointed out that classifications are subjective 
concepts. They are more or less adequate means by which objects 
under investigation, whether peat soils or other materials, are arranged 
in an orderly fashion. 

‘ Received December 7, 1931. 
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ClaaaMo&tioB baa three purpoaea which thou^ diatinet, can not well 
be dissociated. It may be employed (1) to facilitate identification 
and differentiation of the objects classified, (2) to show relationships 
and to organise our knowledge concerning the particular objects, 
and (3) to serve various practical interests, such as agriculture and 
industry. Thus it happens that on seeking a definition and classifica- 
tion of peat soils great difficulty is encountered in finding a nomencla- 
ture or system that avoids including more than was intended, or 
leaving out something which should be taken in. 

In the popular mind peat soils are still classed as peat and muck. 
The differences are based either on a simple character or on very 
simple combinations of characters. Arrangement according to any 
readily perceived, simple property is comparatively easy and is the 
first to suggest itself. 

The first classifications of peat soils made by scientists werc'based 
on color, weight, ash content, reaction, and other properties which are 
still depended on as means of identification. Those likenesses among 
peat and muck materials which are due to their possession in common 
of some color, weight, or calorific value were believed to coexist with 
other properties and hence peat soils were placed together which 
later proved to be unlike in their essential natures. 

In recent years it has become obvious that the arrangement of peat 
and muck according to combinations of properties, which though 
fundamental are not conspicuous, requires analyses based on consider- 
able field investigation and laboratory work. The grouping of complex 
objects such os peat soils can reach its complete form only by slow 
steps and after analysis has made more progress. As the pedographic 
knowledge of regional pieat areas increases it becomes possible to as- 
certain which properties of peat soils are most characteristic, and to 
make groups of the members that have many properties m common. 
The ultimate arrangement will serve not only to identify peat soils 
completely and express the greatest information regarding their char- 
acter in any of the major groups but it will also permit the prediction 
of a great number of facts almut deposits of peat in other countries 
and by so doing reveal the precise correspondence between “our con- 
cepts and the reality.” 


II 

The writer’s own investigations illustrate well the phases through 
which classification of peat soils is passing. In early attempts at some 
systematic manner, all kinds of peat were separated by conspicuous 
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physical characteristics into three classes comprising woody, fibrous, 
and sedimentary peats. The limits were narrower and different other- 
wise from those assigned to them by earlier observers. In successively 
later attempts more regard was paid to botanic composition co- 
ordinated with the simplest analytical methods such as those employed 
for crops and feeding stuffs, for determining a number of chemical 
complexes which represent essential but generally inconspicuous 
changes in the transformation of organic materials. 

Passing through various modifications in which the arrangement was 
dictated by the viewpoint of degree of decomposition and the recogni- 
tion of conspicuous morphological features in the inherent structure 
of peat deposits, another order of facts came to be recognised, — those 
of development. 

Ecological studies led to an arrangement of peat deposits into groups 
and subgroups in such a way as to display the developmental differ- 
ences produced by climate, by natural vegetation, and by the larger 
topographic diversities exbting among the several great groups of 
peat areas in this country. The fundamental differences in the 
development of peat deposits —that is, in origin, sequence of parent peat 
layers, and the varying stages of profile development — did not admit of 
being placed in a linear order, but only in an arrangement perhaps 
not unlike that regarded as a branching of clusters. If it be suppos^ 
that dots representing type profiles form clusters expressing genera and 
species, the names of which it is impracticable to insert here, and if the 
successively larger groups and their general distribution constitute 
orders in the subkingdom of organic soils, an approximate idea will be 
formed of some of the facts that should be included in a classification 
of peat soils. The relationships of these diverging groups cannot, 
however, be expressed on a flat surface, or in space of three dimensions, 
but must also include the more significant contrasts ascribed to time. 
Though under present conditions it seems too soon to attempt a 
definite scheme of classifying peat soils and their relationships, yet it 
has seemed that an outline of a tentative scheme may be ventured 
presenting in a general way such relationships as they are now con- 
ceived. In a forthcoming publication a scheme wUl be described 
dealing with American peat deposits, their characteristic profiles and 
classification. In this classification is exhibited a conclusion of basic 
significance, namely that the structural profile features by which 
members of one group differ from those of another, have developed 
under dominating influences active in past periods; they are largely 
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produota of forces and changes in environmental conditions that 
operated long before the present period. In the present paper an 
illustration will be given to indicate the nature of the conditions which 
caused such differences in former times, and the character of the peat 
soils that developed in various layers of the profile under the influence 
of the major soil-making processes. 

Ill 

Facts which illustrate the development of peat areas and their soils, 
and the influence of surrounding conditions, are abundant and familiar 
to many. The restriction of different kinds of vegetation to their 
particular environment is the broadest, basic fact of ecology and of 
geographic distribution. There are extensive plant communities that 
are respectively aquatic or amphibious, and others that are confined 
to the land. Beside hydrographic and topographic limitations there 
are the familiar limitations made by climate. These factors vary from 
place to place and from time to time, producing by their effects an 
extension or restriction on vegetation and on soil formation. 

To the limiting environmental factors must be added others imposed 
by the reciprocal relations of plant associations, either competing, 
(Urectly destructive to one another, or coacting in what is now known 
as succession and the development of the climax community. Plant 
associations are held together in a web of relations, and any consider- 
able modification which one aggregation of plants undergoes acts 
indirectly on others, eventually changing the conditions of nearly all 
other communities associated with them. In the development of peat 
deposits from extreme conditions in the water relation, whether 
building up a substratum from a lake bottom or from land or bare 
rock, the plant communities involved and their habitat change more or 
less rapidly. Each community of plants contributes certain effects to 
this developmental process; each modifies its own environment in the 
quantity of light and heat, the movement of air, water, and salts, the 
activity of soil microdrganisms, and hence its own chances of per- 
manency. Thus takes place a succession in which differently consti- 
tuted plant communities replace one another, each forming a layer of 
peat with characteristic soil properties, each contributing modifications 
to the development of an organic aggregate, until the conditions of 
drainage, aeration, and the activity of microbrgauisrns become stable 
enough to produce a relatively permanent or climax stage of peat soil 
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and vegetation cover. It is log^al to assume that each climax vegeta^ 
tion should be and probably is a center of organic soil production, 
characteristic of that particidar region and its vegetation. 

Peat areas of the type of profile development representing the uni- 
serial succession from lakes and ponds have been described in many 
publications. They may be found as minor or intennediate suc- 
cessional stagoi in adjoining regions and some of the earlier stages 
may have a wide distribution in regions characterized by a different 
vegetation climax. But the acciimulation of evidence has brought the 
conviction that many peat profiles are made up of layers marked ofif 
from one anofiier by great morphological contrasts, and that the 
strongest divergences in structural characteristics are products 
changes in climate and plant migration. 

The progress of peat investigations has shown with increasing force 
the extent to which past environmental changes have contributed to 
the development and distribution of characteristic peat soils as 
expressed in the profile during the course of its formation in space and 
time. It was shown elsewhere that departures from the general, 
uni-seriol development of peat deposits may include abnormal and to a 
greater or less extent complex profiles. In fact, development may have 
taken place repeatedly in the same direction, and in no connection 
with the present environmental conditions. A classification of peat 
soils so comprehensive as to stimulate investigation into every feature 
of peat deposits should, therefore, include information not only regard- 
ing changes that occur now or may occur in the near future, but also 
the characteristic materials that have been produced in the distant 
past. It should include data on the nature of the processes recorded 
in the history of the profile, and bring out the contrasts and important 
properties of the respective products that developed from the parent 
material at earlier times. 


IV 

In all peat deposits, layers of buried plant remains are found in 
greater or less abundance which were exposed in varying degrees to the 
influence of soil-making processes and to partial or extensive decom- 
position. The differences between layers of peat are, speaking 
generally, small and continuous where the main environmental condi- 
tion, notably the quantity and quality of the ground water, was a 
continuous factor. Leaving out of consideration those paralellisms 
among trends of development which characterize type profiles belong- 
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ing to eaeh group or subgroup, the occurrence of morphological differ- 
ences is greater where the factors of a major process that caused such 
differences were more dynamic and effective. It will necessarily 
happen that changes in local conditions to which a type has been 
subjected directly or indirectly will give no evidence of modifications 
that have generic value; the transitions will be less numerous in peat 
areas which in the past were less variously conditioned. The type 
profile may be defined, therefore, as a unit the boundaries of which 
include transitions and variations in color, thickness, or reaction, but 
not in the number, sequence, and character of the layers. The latter 
express the direction as well as the stage of profile development, and 
they show the extent and the kinds of effects produced by the changes 
in environmental forces which influenced decomposition. The con- 
trasts in parent materials, degree of decomposition, and the character 
of the resulting peat soils will be comparatively large and abrupt 
where the changes in environment were correspondingly wide or sudden 
or where modifications of the parent material took place more or less 
completely as a result of long-continued soil-forming processes. 

Instructive examples of profiles showing remarkable changes in the 
course of their development are furnished by deposits of peat in 
northern Minnesota, Wisconsin, and Michigan. The type profile 
described below is located near Three Lakes, Oneida County, Wis- 
consin. The following brief summary of its morphological features 
and history of development is intended to show the problems which a 
classification of peat soils must solve, and to explain structural char- 
acteristics that are otherwise unaccountable. 

V 

In Menominee County, Michigan, in Oneida, Bayfield, and Douglas 
Counties, Wisconsin, and in St. liouis. Lake of the Woods, and Roseau 
Counties, Minnesota, arc areas whose profile consists of five separate 
layers. In the order of sequence, from below upward, they are 
composed of reed-sedge peat, followed by woody peat, and a surface 
layer of sphagnum-moss peat. Of chief interest is the presence of a 
second and well defined younger layer of woody peat which separates 
the surface layer of moss peat into two distinct parts. 

The basal layer of reed and sedge peat is generally yellowish brown 
in color, poorly decomposed and coarsely fibrous to felty matted, 
indicating that the deposit developed from a marsh stage of vegetation 
under conditions of water level at or near the surface. The flat- 
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pressed rhuomes represent largely the well preserved cutieular tissues 
of reeds and a variety of sedges. The thickness of the layer and the 
lack of marked differences in respect to degree of decomposition and 
color show that the layer was not impoverished and not exposed to 
contrasts in weathering, leaching, or evaporation and the concentration 
of salts. At that time reed marshes were spreading over wide sections 
of this country. They continued to persist as dominant communities 
for a long period, and hence a deposit was formed consisting essentially 
of reed-sedge peat to a height approximating that to which ground 
waters rose in the capillary spac^. Differences in the character of the 
peat soils which may have developed from the parent material of this 
extensive unit of natural vegetation are much obscured by the varying 
botanical composition of the whole layer. 

At a later period various portions of the ancient marshes in the Great 
Lakes region became wooded with thickets of deciduous shrubs, 
finally culminating in a swamp forest of mixed conifers and hardwoods. 
Cedar and tamarack were promment with a small percentage of 
deciduous trees, both as a mosaic of pure stands and a general mixture 
which included an undergrowth of herbaceous plants. The properties 
of that portion of the parent reed peat in contact with the woody 
material were almost entirely changed; reed muck of varying depth 
merged with the dark-brown, partly granular woody material and 
ligneous fragments derived from the swamp forest. 

With such evidence the assumption is not altogether unwarranted 
that the reed muck m contact with the wood peat soil reflects a fluc- 
tuating, lowered water level, better drainage and aeration. The 
penetration of woody roots into the reed peat, the shading of the organic 
material by a forest crown, and the accumulation of granular residue, 
stumps of trees, fallen timber, branches, bits of fungal mycelium, and 
the litter of needles, scales, and cones indicate the diversity of growth 
forms of this stage of vegetation. They reveal differences in physical 
conditions and disclose the presence of aerobic microorganisms and 
wood-destroying fungi causing decay. 

How lung ago the miscellaneous plant remains of the ancient forest 
were exposed to an environment so radically different in soil-forming 
conditions con not be determined precisely. Doubtless the process 
was gradual and continuous, removing effectively the more soluble 
organic complexes and developing the woody residue; but there may 
have been times when the disintegration of ligneous tissues was more 
rapid than at others. 
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Ond more striking fact must here be set down. It is noteworthy 
that trees of pine, tamarack, cedar, and several deciduous species of 
large diameter occupied at one time a section of the Great Lakes region 
in which today only dwarfed spruce dominate. It is well known to 
ecologists that a stage of mixed conifer and hardwood forest was more 
extensive several thousand years ago than today. Its geographical 
position is recorded by plant remains found well within the limits of the 
boreal region and in peat deposits of southeastern Canada. They 
suggest a period marked by a warm and generally dry climate and by 
the movement northward of deciduous forests. 

As pointed out above, the layer superimposed upon the woody peat 
soil is yellowish-brown, spongy-fibrous, poorly decomposed moss peat, 
grading to reddish-brown partly decomposed material derived from 
several species of Sphagnum. Tlie penetration of woody underground 
stems from shrubby heaths is chiefly along shallow depths extending 
from 4 to 7 inches below the surface. Stumps of small spruce trees are 
also found at this level. With the exception of the dome-shaped de- 
posits along the northeastern coast of Maine and the slightly curved 
areas near Corona and Floodwood, Minnesota, the surface layer of 
moss peat in the Great Lakes region is rarely three feet in thickness. 
The evidence so far secured strongly suggests that this region may have 
experienced the effects of a marked shifting of ice movement in north- 
ern Canada, and that a great change in temperature and humidity 
affected the northern portion of the Great Lakes Basin. The south- 
ward swing of colder conditions was accompanied by a southward 
movement of Sphagnum mosses, followed by an arctic floral element, 
by heaths and spruce. That such disturbances affected also human 
migrations is a fact to be found recorded in history. The dependence 
of Sphagnum mosses upon cool and moist atmospheric conditions, 
their habit of growth, and the capacity of moss peat for taking up and 
holding large quantities of precipitation water, give these plant 
remains a unique quality toward checking aeration, bacterial activity 
and decomposition, and intensifying an acid reaction. The r6le of 
Sphagnum mosses in the invasion of reed and sedge marshes and in the 
ultimate extinction and burying of forests has been described fre- 
quently. As a plant community Sphagnum mosses and their asso- 
ciates had no relation, either floristic or succcssional, to the swamp 
forest of that earlier period. Even today they stand in great contrast 
as outposts to the south, outside the limit of their present climax 
in the boreal region. The layer of moss pent points, therefore, to a 
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change to colder and more humid conditions, to leaching, the loss of 
nutrients, and the general impoverishment of soils and vegetation. 

It may be well to note briefly that the second and younger layer of 
woody peat soil represents a mixed coniferous forest of possibly parallel 
nature to the "Grenzhorisont” of European highmoors. The occur- 
rence of dark-colored woody material in an advanced degree of decom- 
position between layers of comparatively well preserved moss peat is a 
striking morphological fact not explicable as a result of the forces that 
led to the accumulation of moss peat. It points to a shift of climatic 
conditions and to a readvance of mixed conifer forests and deciduous 
trees from the south and east. It involves a process of decomposition 
whereby woody plant remains were converted into residual products 
that were left in place. It reflects environmental conditions which 
were temporarily much less cold and humid as judged by the vegeta- 
tion that formed the intervening, impoverished layers of moss peat. 

There is little to be said concerning the trend of peat soil formation 
in the Great Lakes today. It represents an approach toward condi- 
tions which displace and exclude Sphagnum mosses and their asso- 
ciates, but favor the dominance of a vegetation cover which finds its 
extreme expression in a mixed conifer swamp forest. These facts are 
evidence pointing toward an oncoming period of desiccation and a 
renewed tendency to the development of forest soil. It is not un- 
reasonable, therefore, to regard the modem trend m the climate of 
North America as characterized by irregular fluctuations, and as 
passing once more to a warmer and generally drier climate than was 
that of a few thousand years ago. 

Thus one is brought to realize that the development of peat profiles 
is an orderly thing. Especially will this be the case where profiles of 
individual deposits have become relatively definite and where shifts in 
environmental conditions were accompanied by a corresponding 
complexity m structural features. The resulting differenees in the 
character of peat soils may in such cases become so pronounced as to 
greatly obscure the relation to the parent material. 

With due allowance for the difficulties encountered in reconstructing 
past environmental conditions, it is now generally recognized that 
peat investigations are the best approach to a knowledge of the nature 
of past changes in environment. This implies that they tend likewise 
to show the effects of the major enviroiunental processes in develop- 
ing peat soils of widely differing character. Doubtless an exhaustive 
study of profiles would disclose that the soil-making processes of former 
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periods bear to our present contrasting conditions a corresponding 
relationship. 

But how past climatic and other dominating factors have worked 
in the production of peat soils cannot be thus accounted for. This is 
to be determined mainly by more detailed investigations of peat 
profiles and the chemical constituents of peat soils codrdinated with 
more adequate knowledge concerning the microdrganiams capable 
of bringing about decomposition. 


BOTANY . — Five new species of Bomarea/rom Peru.* Ellsworth P. 

Killif, U. S. National Museum. 

In the course of recent studies which I have been making of Peruvian 
material of the amaryllidaceous genus Bomarea, five new species were 
found to be represented. Descriptions of these follow: 

Bomarea caudata KiUip, sp. nov. 

Caulis volubilis glabemmus; folia oblongo-Ianocolata, abrupte acuminata 
basi rotundata membranacoa supra glabra subtus in nervis pninariis pilis 
crispatis hyahnis sparse hirsuta; bracteac lanceolatae et setaceae; umbella <^. 
18-radiata dense rufo-tomentosa; ovarium turbmatum dense rufo-tomen- 
tosum; sepala oblanoeolata longe comiculata ooccinea; petals sepala sub- 
aequantia spathulata m costa rufo-tomentella viridia, brunneo-maculata. 

Vine; stem subangulate, glabrous; petioles up to 8 mm. long, strongly cor- 
n^atc at margin; leaves oblong-lanceolate, 7 to 10 cm. long, 2 5 to 3 5 cm. 
wide, abruptly acuminate at apex, rounded at base, membranous, glabrous 
above, sparingly hirsute with long enspate hyalme hairs on the principal 
nerves beneath, the nerves about 1 ram. apart, unequally prominent; 
bracts of two forms, the outer lanceolate, 15 cm long, 6 mm. wide, the inner 
setaceous, 1 cm. long; umbel about 18-rayed, the rays 2 5 to 3 cm. long, 
straight, densely rufo-tomentose, ebracteolate; ovary turbinate, densely 
rufo-toinentose; sepals oblanceolatc, about 2 cm long, 7 to 8 mm wide, 
dorsolly comioulate near apex (horn 5 to 6 mm. long), sparingly rufo-pilo- 
sulous or glabrous, blood-red; petals spatulate, subcqual to sepEUs, barely 1.5 
mm. wide in lower half, 5 to 6 mm. wide toward apex, nifo-tomentellous on 
midrib dorsolly, otherwise glabrous, green, brown-sotted, stamens 2 to 2 6 
cm. long, the anthers ovate, 3 5 mm. long, 2 mm. wide. 

Type m the herbarium of the Field Museum of Natural History, no. 
562,472, collected in evergreen forest, Choimacota Valley, Province of Hu- 
onta. Department of Ayacucho, Peru, altitude 2,800 to 2,900 meters, February 
28 to March 10, 1926, by A. Weberbauer (no 7559). 

The only other species of Eubomarea with long-horncd sepals are quite 
different. Bomarea comtgera is glabrous throughout and has leaves not over 
1.5 cm. wide and an umbel of only 1 to 4 flowers Bomarea cornvia has 

‘ Published by permission of the Secretary of the Smithsonian Institution Received 
December 24, 1931 
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forked umbel rays, and is dosely related to B. otxUa, The propoaed qMoles is 
probably allied to B. purpurea, from which it dlffen in the homed, propor- 
tionatdy broader sepala and a scantier Indument on the under surface of the 
leaves. 


Bomarea nematocaulon Killip, sp. nov. 

Caulis tenuis subteres glaber ad apicem glanduloeo-puberulus foliosus; 
folia anguste oblonga vel lanceolato-oblonga, apioe acuta et crasaa, brevi- 
petlolata parum revoluta 0-15-nervia supra ^bra subtus in ner^ pills 
crispatis hyalmis strigillosa; bracteae 3-4 foliis similes; umbellae 2-3-radiatae, 
rad^ gUmduloso-pul^rulis 1-2-furcatis, bracteolis Ime^-lanceolatis acumina- 
tis revolutis; perianthium parvum, segmentis aequalibus; ovarium subg^bo- 
Bum truncatum gl^duloso-puberulum; sepala oblanceolata saepe mucronu- 
lata extuB ad barin glanduloso-pubescentia luteo-rubra; petals unguiculata 
lutea ad apicem purpureo-maculata. 

Vine; stem slender, wiry, subterete, glabrous, glandular-puberulent at tip, 
leafy (intemodes 1.5 to 3 cm. long); leaves narrowly oblong or lanceolate- 
oblong, 1.6 to 3.5 cm. long, 0.4 to 1 cm. wide, subacute and oi^ous-thiokened 
at apex, rounded or rarely acutish at base, petiolate (petioles 2 to 6 mm. 
lon^, slightly revolute, 0 to 15-nerved (nerves uniform, elevated on upper 
sun^, the cross-veins prominent), coriaceous, dark green, gd&hrous and 
Bublustrous above, paler beneath, stiigillose with cnspate hyaline hairs on the 
nerves beneath; bracts 3 or 4, similar to the leaves; umbel compound, 2 or 
3-rayed, the raye up to 4 cm. long, glandular-puberulent, once or twice forked, 
bracteolate at the forks, the bracteoles linear-lanceolate, 6 to 8 mm. long, 
up to 2 mm. wide, acuminate, revolute; flowers 1 to 1.6 cm. long, the sepaJs 
and petals equal; ovary subdobose, truncate, ^ndular-puberulent; sepals 
oblanoeolate, often mucronmate, proximally g^dular-pubesoent without, 
otherwise glabrous, yellow-red; pet^ unguiculate, the daw and blade nearly 
equal in length, yellow, blotched distally with purple; stamens 6 to 7 mm. long, 
induded, the anthers ovate-oblong, about 2 mm. long. 

in iihe Field Musemn of Natural History, no. 636,916, collected at 
Playapampa, Department of Hudnuoo, Peru, altitude about 2,800 meters, 
June 16 to 24, 1923, by J. F. Macbride (no. 4870). Duplicate in U. S. 
National Herl^um. 

This species belongs to the small group of Bomarea with relatively in- 
conspicuous flowers in a compound umbel, of which B. ealeilla L. is the best- 
known representative. Bomarea nematocaulon is a more slender plant than 
B. aalaiUa, the leaves are much thicker and have more numerous, more 
prominent, uniform nerves, and the petals are differently marked. The 
sise and shape of the leaves and the small flowers suggest B. aelerophylla, a 
plant of the simple-rayed group of Bomarea, which, in addition, has glabrous 
loaves. 


Bomarea angustissima Kilhp, sp. nov. 

Caulis volubilis glaber; folia linearia caudato-acuminata subsessilia revo- 
luta 7-9-nervia conacea supra glabra subtus in nervis leviter pilosula; bracteae 
linoan-lanoeolatae reflexae; lunbella 3-radiata, radiis arcuato-adscendentibus 
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glabris l-2-furoatl8, braoteoliB lineari-lanceolatu aoutia; ovarium turbinatum 
^brum; aepala oblmioeolata obtuaa; petala unguiculata sepala aequantia, 
medio abrupte dilatata, aploe auborbioulata, viridia, intua purpureo- 
maoulata. 

Vine; stem subterete, tortuose, glabrous, light golden-brown; leaves linear, 
8 to 10 om. long, 3 to 5 mm. wide, caudate-acuminate and tortuose at apex, 
Bubseesile, strong revolute, 7 or 9-nerved (nerves uniform), coriaceous, 
glabrous and dark green above, finely pilosulous on the nerves and glaucesoent 
beneath; bracts linear-lancoolate, up to 1.5 cm. long and 2.5 mm. wide, 
reflexed; umbel 3-rayed, commund, the rays 12 to 15 cm long, arcuate- 
ascending, purplish distally, ^brous, once or twice furcate, bracteolate at 
forks, the brscteoles hnear-lanceolate, 0.5 to 1 cm. long, acute; ovary tur- 
binate, g^brous, gradually tapering to base; sepals oblanceolate, 2 cm. long, 
7 to 8 mm. wide, ^ghtly cucuUate, obtuse, proximally deep red, distally green; 
petals unguloulate, as long as the sepals, abruptly dilated at middle, the upper 
part suborbicular. about 1 om. wide, green, purple-blotched within; stamens 
about as long as tne pet^th, the anthers oblong, 5 mm. long. 

Type in the herbarium of the field Museum of Natural History, no. 
635,405, collected at Tambo de Vaoa, Peru, altitude about 4,000 meters, 
June 10 to 24, 1923, by J. F. Macbnde (no. 4409). 

lids is at once distinguished from all other Peruvian species of Bomarea 
by its very long, narrow leaves. 

Bomarea spedosa Kilhp, sp. nov. 

CauUs volubilis crassus glaber; folia late lanceolata cuspidate plana ca. 
OO-nervia membranaoea glabra; bracteae lineari-lanceolatae mox deciduae; 
radii umbellso 10-12 crassi rufo-pilosuli viscidi 1 (raro 2)-furcati 1-bracte- 
olati, bracteolis anguste oblongo-lanoeolatis sessilibus; sepala oblanceolata 
Bubconcava ad apicem crassiora extus tenuiter puberula; petala sepahs 
Buba^ualia spathulata, extus alba et viridia puberula, intus alba, ma^ne 
viridia, ubique purpureo^aculata et -punctata. 

Vine; stem stout, tortuose, glabrous; leaves broadly lanceolate, 15 to 20 
cm. long, 4.5 to 6 cm. wide, cuspidate-acuminate at apex, rounded at base, 
petiolate (petiole stout, about 1 cm. long), not revolute, about 60-nerved 
(nerves uniform), membranous, glabrous; bracts linear-lanceolate, about 
2 om. long, early dedduous; umbel compound, the pnmarv rays 10 to 12, 
about 15 om. long, stout, rufo-pilosulous, viscid, once or (rarely) twice furcate, 
bearing at the forks a narrowly oblong-lanceolate, se^e, nifo-puberulcnt 
bractlet up to 3 om. long and 8 mm wide, the secondary rays up to 6 cm. 
long; sepals oblanoeolate, 4 to 5 cm. long, 8 to 10 mm. wide, sbghtly concave, 
apli^ly thickened, pink, finely puberulent without; petals spatulate, subequal 
to the sepals, 12 to 15 mm. wide, the outside white proximally, green distally, 
the midnerve pmk, puberulent, the inwdc white, green at margin, blotch^ 
and dotted with puiple throughout; stamens and pistil subequal, slightly 
shorter than the sepals; anthers oblong, about 4 mm. long; style cleft about 
1 cm. 

Type in the herbarium of the Field Museum of Natural History, no. 
534,773, collected in the montafla, Yanano, Department of Hudnuco, Peru, 
altitude 1,800 meters. May 13 to 16, 1923, by J. F Macbnde (no. 3711). 
Duplicate in U. S. National Herbarium. 
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This belongs to the group of Bomarea species having a oompound inflor^ 
eeoenoe and the perianth segments subequal. The very large flowers indicate 
an alliance with B. hookertana, a plant with leaves densely strigillose beneath, 
and with much shorter, more numerous umbel rays. T^ may be B. macro- 
carpa, which I know only from Ruis and Pavon’s description and figure, and 
which has usually been considered a form of B. ovata. There are, however, 
many points of difference between the Macbride specimen and the diagnosis 
of B. macrocarpa. 


Bomarea dolichocarpa Killip, sp. nov. 

Caulis volubilis ^abemmus; foha lanceolata vel ovato-lanceolata, 25-30- 
nervia, nervis altemis prominentibus, membranaoea utrinque glabra vel subtus 
in ner^ tenuiter pilosa; radii primarii umbellae 3-6, 3-4-furoati bracteolati, 
bracteolis lineari-lanceolatis; ovarium anguste obprismaticum plus quam 
duplo longius (mam latum, basi attenuatum glabrum vol leviter nifo-puberu- 
lum; sep^ oblonga obtusa; petals spathulato-un^culata sepalis aequalia 
vel parum breviora, ad basm rosea, ad apiccm viridia purpureo-maculats. 

Vine, with an elongate glabrous stem; petioles up to 1 cm. long; leaves 
lanceolate or ovate-lanceolate, 10 to 15 cm long, 1.6 to 3.5 cm. wide, acute at 
apex, subcuneate at base, 25 to 30-nerved (alternate nerves pronunent), 
membranous, glabrous throughout or finely pilose on the nerves beneath; 
bracts similar to the leaves, smaller; umbel compound, the rays up to 25 cm. 
long, glabrous or finely pilosulous, the primary rays 3 to 6, 3 or 4 tunes forked, 
bracteolate at forks with a linear-lanceolate bractlet up to 2 cm. long at the 
lowest fork, the upper bracteoles much smaller; ovary narrowly obprismatic, 
more than twice as long as broad, attenuate at base, glabrous or finely rufo- 
puborulcnt; sepals oblong, 2 to 3 cm. long, 6 to 9 mm. wide, obtuse, pink 
proximally, green distally, petals spatulatc-unguiculate, as long as or sli^tly 
shorter than the sepals, 6 to 7 mm. wide, pink proximally, green and densely 
purple-spotted distally; stamens 1.5 to 2 cm long, the anthers ovate, 2 5 to 
3 mm. long; fruit narrowly obpnsmatic, 3.5 to 4 cm. long, 1.3 to 1.5 cm. 
wide, attenuate at base, apparently 1-celled 

Type in the XJ. S National Herbarium, no 1,460,267, collected at Puerto 
Yessup, Department of Junln, Peru, altitude 400 meters, July 10, 1929, 
by E. P Killip and A C. Snuth (no 26306). Duplicates at New York 
Botanical Oanlen and Field Museum. 

Additional specimens examined . — 

Peru: San Martin- San Roque, 1,350 to 1,500 meters, L. Wtlltama 7022, 
7326, 7771, 7679. Loreto: Puerto Arturo, near Yurimaguas, L. WtUtams 
6290. 


All these specimens have an elongate slender ovary, which becomes an 
elongate fnut nearly 4 cm. long, noticeably tapenng to the pechoel. Because 
of its compound inflorescence, with the perianth segments subequal, the 
species obviously is related to B. ovala, a fact borne out by the coloring of the 
flowers. Bomarea ovala is the earliest described of the species of AUtroemena 
now referred to Bomarea. It shows a g(X)d deal of variation and the hat of 
names synonymous with B. ovata is a long one. Possibly one of these names 
apphes to the species hero proposed, but I have seen type material or illustra- 
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tions of most of these earlier species and none of them show the characteristic 
ovary of B. dolichoearpa. 

BOTANY. — A new spedea of Hymenophyllum from Peru.* C. V. 
Morton, U. S. National Museum. (Communicated by William 
R. Maxon). 

Mr. C. BQes, of Quillabamba, Peru, has collected many very interest- 
ing Peruvian ferns. A considerable number of these have been 
received by the U. S. National Museum through the kindness of 
Professor Fortunato L. Herrera, of the University of Cuzco. Included 
in the collection is a remarkable species of Hymenophyllum, here 
described as new. 

Hymenophyllum amabile Morton, sp. nov. 

Fig. 1 

Euhymenophyllym', rhisoma longe repens parcc ramosum fuscum 0.5 mm. 
diametro, pills furcatis davidis flaccidis plunccllularibus instructum, radicibus 
numerosis; stipites 2.&-6 cm. longi, 0.5 mm. diametro, tcrctes nec alati mgn 
nitidi dense pubcsccntcs, pilis fuscescentibus stcUatis stipitatis, demum 
glabrata; rhacnis recta, teres, baud alata, 0 5 mm. diametro, pilis densissimis 
CIS stipitis similibus, laminae pendulae linearcs, 21-35 cm. longae, 3-4 cm. 
latae, pmnatae, pmnis pmnatipartitis, pinnae ovatac vel oblongao, manmae 
2.5 cm. longae et 1.5 cm. latae, apicem versus gradalim reductac, sessiles, 
pauUo decurrentes, baud surcurrentes, margine venisque densissune gnseo- 
ferrugmeo-pubescentes, pilis stipitatis ramis numerosis stellatis, rhachibus 
venisque vix flexuosis nigris; lamellae desunt; segmenta infenora pinnati- 
partita, supenora scmel furoata vel Integra; segmenta ultima oblonga, maxima 
4 mm. longs, omnia ca 1 mm. lata, obtusa nec emarginata, nervis apicem 
non attmgentibus, simpUcia vel semcl furcata, sori m lobulis extremis baud 
abbreviatiB terminales; indusium non itnmersum, ad basin bilobum, lobis 
transverse ovahbus, ca. 0.6 mm. altum, 1 mm latum, tenuissime membrana- 
ceum, fragile, margine integrum, extus densissune pubescens et ciliatum, 
pilis stellatis; sporangia numerosa in apicibus capitatis rcceptaculorum. 

l^pe m the U S. National Herbarium, no 1,515,445, collected at Michi- 
huafiuncca, Huadquifia, Prov. de la Convenci6n, Dept. Cuzco, Peru, alt. 
3,000 meters, December, 1920, by C. BUes (no 715). 

Hymenophyllum amabile belongs to the //. aenreum group of species. It is 
distinguished at once from that species and its relatives H tomentosum, H, 
pyramtdaium, //. lobato-alalum, H. fuaugaaugense, and //. plumoaum by the 
absence of wmgs on the secondary rh.achiBes and veins The remaining 
species of the group are H. pulchellum, 11. karalenianum, H. chryaothnx, H. 
apeciabUe, H refrondeacena, H apenoaum, H buchhenit, //. elegantulum, //. 
sprucei, H. tnchophyllum, and H. vilerruptum. The last four named are 

I Published by permission of the Secretary of the SmithsoDian Institution Received 
December 24, 1931. 
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quite unrelated to the present species. The close, fine pubescence of H. 
karttentanum, H. apectdbtle, and H. apectoaum, In which the individual hairs 
are not apparent except under magnification, Is very different from the coarse 
pubescence of H. emdbile, in which the individual hairs are prominent. All 
three of these species differ from ours also in their elongate, acuminate (rather 
than ovate or oblong, obtuse) pinnae. H. huchtienti Rosenst. and H, pid- 
ehdlum C. & S. have pubsecence somewhat similar to the present species, 
but the hairs are less coarse end are sessile or only short-stipitate, in contrast 
to those of H. amabiU which are long-stipitate. H. hucht'^tt (from Bolivia) 
is moreover a much smaller and more delicate plant with non-decurrent 
pinnae. H. pukhellutn has a very different range (Mexico) and differs in 
several particulars from the present species, cspeciaUy in its smaller sue and 
less divided, petiolate (rather than se^e) pinnae. //. refTondeacena Sod., of 
Ecuador, differs conspicuously in its alate rhachises and adnate pinnae; 
it is known to me from description only. II. amabtle has terete non-alate 
rhachises and nearly free pinnae, i.e. not at all surcurrent and only slightly 
decurrent. HymenophyUum chryaothnx Sturm, a little known species of 
Venesuela and Brasil, is perhaps most closely related, differing m its finer, 
less dense pubescence, broadly lanceolate (rather than linear) blade, petiolate 
(not at all decurrent) pinnae, and subimmersed indusia. The Indusium of 
H. amabtle is not at all immersed in the leaf tissue. 


ZOOLOGY . — Spawning reactiona of three apeciea of oyaters.^ Paul S. 

Galtsoff, U. S. Bureau of Fisheries. 

Since 1927 the author has been engaged in a study of the factors 
that control the shedding of eggs and sperm of the eastern oyster, 
Oatrea virginica. In 1929 the opportunity presented itself to experi- 
ment with the Japanese oyster, O. gtgaa, grown in Puget Sound, and 
during the summer of 1930 several experiments were carried out with 
the Australian oyster, 0. cucuUata, and 0. virginica grown in the waters 
near Honolulu, T. H. A complete report of these investigations 
comprising nearly four hundred experiments will be published in the 
Bulletin of the Bureau of Fisheries. 

The technique employed in all the experiments consisted in placing 
the oyster in a tank of about 20 or 30 liter capacity, in which the water 
was aerated, stirred and kept at constant temperature. In the 
majority of the experiments the thermo-regulators were set at 22.6'’C. 
and they maintained this temperature within 0.5°C. The oyster was 
immobilized with plaster of Paris and one of its valves was attached to a 
light kymograph lever made of a strip of celluloid. It has been shown 

1 Published by permission o( the U. S. Commissioner of Fisheries. Received January 
5 , 1933 . 
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in a previous paper* that spawning of the female oyster oonsists of a 
series of the following reactions: contractions of the mantle, rhythmi- 
cal contractions of the adductor muscle, and discharge of eggs. Rhyth- 
mical contractions of the muscle enable one to obtain a permanent 
record which can be easily analyzed. The results of a large number 
of experiments with O. virginica carried in 1927-1929 show that no 
spawning occurs below 20.0°C., whereas the same specimen reacts 
to the same suspension of sperm as soon as the temperature has been 
brought above 20.0°. In a few instances it has t^n noticed that 
oysters spawned at 27.5° without being stimulated by sperm. Inas- 
much as in those cases unfiltered water was used the possibility of its 
contamination with sperm was not excluded. In the experiments with 
0. gigaa it has been found that a ripe female oyster can be induced to 
spawn by a temperature of 30.0°C. The question naturally arises 
whether the same results could not be obtained with the other species. 
During^the summer of 1931 experiments were carried out at Woods 
Hole With ripe oysters which were kept in aquaria at a temperature 
of about 20.0°C. To avoid possible contamination the water used in 
the experiments was filtered through a layer of asbestos about three 
quarters of an inch thick. The results of the experiments, summarized 
in Table 1, indicate without any doubt that ripe females can be induced 
to spawn by placing them in water having a temperature from 24.5° 
to ^.0°C. At 31.0°C. the females usually close their valves and 
remain closed until the temperature drops to 30° or 29°. 

The latent periods of spawning reactions, i.c. the time elapsed from 
the moment the oyster was exposed to a given temperature until the 
beginning of spawning, varies from 22 to 257 minutes and apparently 
is not correlated with the temperature, the quickness of the response 
probably depending on the conditions of the organism itself. In a 
series of other experiments which can not be described in a brief 
article, the females which failed to respond to high temperature 
(26°-30°C.) readily responded to the addition of sperm. In all the 
experiments recorded in Table 1 the eggs discharged by the oysters 
were unfertilized and did not develop. The fact that the females can 
be stimulated by a temperature of 24.5° or higher suggested the 
possibility that a similar effect mi^t be obtained by a longer exposure 
to temperatures between 20.0° and 24.5°C. The results of a long 
number of experiments, of which only three will be here described, 

• Proo. Nat. Acad. Sci. 16: 666-660. 1930. 
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show that this is very doubtful. On July 10 three ripe females were 
taken from the tank, in which the temperature during the previous 
week fluotiuted between 18.5° and 19.5°C., and placed in an aquarium 
filled with filtered sea water. The temperature was kept at 22.6°C. 
but occasionally rose to 23.4°C. The shell movement of each oyster 
was recorded on the kymograph. The first oyster was kept for 5 
hours 22 minutes, the second for 29 hours 63 minutes, and the third 
one for 73 hours 13 minutes. The water in the tanks in which the 
second and third oysters were kept was changed twice a day. None 
of the oysters spawned during that time but each of them spawned 
after sperm was added to the water the latent periods being 16, 24 
and 16 minutes respectively. 


TABLE 1.— Spawmino Rxactions op thb Fkualbs or O viroisica Induced 
BY TrUPERATURE 


Data In IHl 

Eiparimoit No 

Tempantura *C | 

liRtant parted 

•paml^ln 


nparunent 

July 10 

325 

10 5 

24 5 

05 

43 

0 

321 

10 0 

25 0 

22 

118 

7 

317 

10 0 

25 3 

260 

46 

0 

322 

10 0 

20 0 

267 

38 

8 

318 

10 0 

28 0 

32 

26 

8 

310 

10 0 

28 5 

65 

44 

17 

340 

20 4 

30 0 

20 

? 

* 1 

320 

10 0 

30 0 

42 

62 


It is interesting to note that in both cases of stimulation either by 
the temperature or by the sperm the reaction is alike and is character- 
ized by a series of rhythmical contractions of the adductor muscle and 
of the mantle. From that an inference can be made that both factors 
release some mechanism in the organism of the female which in turn 
stimulates the adductor muscle and causes the discharge of eggs from 
the ovary. In this respect the reaction is not specific. It is, however, 
specific in the sense that sperm of other mollusks {Mya spp., Mytilui 
spp.) fail to induce spawning of the oyster. No positive results were 
obtained also when the sperm of 0. cucidlata was added to the female 
of 0. virginica and vice versa. The last experiments are not conclusive, 
however, because of the failure of the specimens used in the experi- 
ments to spawn immediately upon the addition of the sperm of the 
same species. A few days later the shedding of eggs was successfully 
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stimulated by adding sperm of the same spedee. Attempts to fntilise 
eggs of 0. auuUata by sperm of O. virginica and vice verea were unsuc- 
cessful. There was no formation of the fertilisation membrane and 
no cleavage, whereas in the controls the eggs developed fairly well. 

The spawning reaction of the male consists in a discharge of sperm 
which is carried away by the stream of water produced by the gill 
epithelium. The reaction is much simpler than it is in the female; 
it does not involve the adductor muscle and therefore can not be 
recorded on a kymograph. The males respond to the increase in 
temperature more readily than the females and often spawn in the 
tanks when the temperature reaches 24'*C. Similar to liie spawning 
of the females the shedding of sperm can be easily provoked by the 
addition of a few drops of egg suspension or egg water. Unlike the 
female in which the latent period lasts for several minutes the latent 
period of the spawning reaction of the male is of brief duration. It 
lasts only a few seconds. The reaction can be repeated many times 
until the male is spent. In case of 0. gigaa the males respond to egg 
suspension even when the water has been cooled to 12.5'*C. 

In 1030 several experiments with the two species of oysters, 0. 
virginica and 0. cucuUaia, were performed at Honolulu. The males 
failed to respond to the addition of sperm of another species but 
immediately reacted by discharging sperm to the addition of eggs of 
the same species. These results indicate very clearly the specificity of 
the response of the male to the presence of eggs. It would be very 
interesting to extend these experiments to other species of oysters the 
taxonomic characters of which, as for example those of 0. virginica 
and 0. angtUata, are rather indistinct. There is no doubt that physi- 
ological differences that might be found would help in determining the 
validity of the present definitions of various species of the genus 
Oetrea. 

Besides being stimulated by the temperature and egg suspension 
the males of 0. virginica can be stimulated also by sperm. In that 
case the latent period of the reaction is approximately of the same 
duration as it is in the case of the stimulation of the female. A 
probable explanation is that the active principle of sperm suspension, 
being insoluble in the sea water, acts upon the organism through the 
digestive tract. 

From a biological point of view stimulation of spawning either by 
the temperature or by the sperm and egg suspension is of great interest. 
It provides a mechanism which insures successful propagation of the 
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apedes. Should the temperature of the water fail to reach the effective 
point which would induce shedding of eggs by the females, still the 
spawning of the latter could be provoked by the sperm discharged 
by the males which are more susceptible to the increase in tempera- 
ture. In most of the oases observed by the author when several 
oysters were kept together, the males spawned first and induced the 
shedding of eggs by the females. The process, once started, spreads by 
mutual stimulation of the two sexes throughout the whole oyster bed 
and results in simultaneous spawning of the oyster population. 

MALACOLOGY. — A new land ehell qf the gentis Rhiostoma/rom Siam.^ 
Paul Bastsch, U. S. National Museum. 

Dr. Hugh M. Smith, Fisheries Adviser to His Majesty's Govern- 
ment, Bangkok, Siam, has sent to me for determination a magnificent 
specimen of Rhiostama, which he collected at Kao Sabap, south- 
eastern Siam, June 28, 1931, at an elevation of 450 meters. 

Rhiostomas are ground-dwelling mollusks that frequent leaf mulch, 
burying themselves beneath such debris, and coming to the surface 
on moist days. Among a dozen or more known species of Rhiostoma, 
the present one has only one rival for size, namely, Rhioetoma haineei 
Pfeiffer, from which it is at once distinguished by its lesser number of 
whorls, Rhioaloma emithi having but 5, while Rhioetoma haineei has 7. 


RUottoma smitlii, n. sp. 

Fig. 1 

The shell is depressed hehooid, excepting the last two-fifths of the last turn 
which are solute, and which are deflected outward and downward. The 
under surface is openly umbilicated, all the whorls showing within the umbili- 
cus. The early turns are straw-colored, the later whorls tending to pale 
olivaceous brown. In the type there are no color markings beyond this except 
an occasional darker vanaal streak. (On the two paratypcs, however, we 
have a subperipheral lone of chestnut brown and fine narrow axial vermioula- 
tions of brown. These, however, are not very conspicuous.) The early 
whorls are sufiSdently eroded on the upper surface to make it impossible to 
differentiate the termination of the nudear portion in the three specimens 
before us. The sculpture begins to show on the last half of the second whorl; 
from there on the shell is covered by a moderately thick periostracum. The 
sculpture of the (hell consists of numerous, slender, threadlike wnnkles which 
assume almost the strength of slender lamellae on the summit of the whorls 
near the suture where they have been protected. This in reality represents 
projecting portions of the periostracum. These incremental threads are 
uos^ approximated and are of somewhat varying strength. Tliey give to 

* Published by permission of the Seoretary of the Smithsonian Institution. Received 
Deoember 18, 1031. 
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the eurfaoe of the shell a deddedly wrinkled appearance. What is said of 
the sculpture on the dorsal surfoM also obtains on the under side of the shell, 
the llnee of growth extending Into the umbilicus. The solute portion of the 
last whorl shows a feeble canna, correaponding to the posterior angle of the 
aperture, which is rendered conspicuous by the fact that the periostraoum 
here is worn and leaves a white streak. This carina terminate anteriorly 
in the ear of the peristome The aperture is circular; the peristome is double, 
forming an ear or anteriorly open tube at the posterior angle of the aperture. 
This ear is rather short. The outer peristome is conspicuously expanded 
from the ear to the middle of the basal lip, becoming decidedly narrow on the 
parietal wall. The inner peristome projects slightly above the outer and is 
very slightly reflected. Both of them contribute to the production of the ear. 
The operculum forms a multispiral elevated cone, which is slightly concave 
in the middle on the outside. There are more than 14 whorls to the ojier- 
culum. The outer portion of the operculum consists of an oblique calcareous 
lamina, which is spirally disposed and which bears on its outer surface a 
browni^ periostracum which extends for a distance equaling the width of 
the lamella, beyond this being cut up into ragged frmges. The inside of the 
operculum is deeply cupped. 



Fig 1. Rkxotlfma BfMthi 

The typo, U. S. N. M. No. 382943, has 5 whorls, and measures: Altitude, 
20.3 mm. ; greater diameter, 34.6 mm. ; lesser diameter, 21.0 mm. 

Two paratypes, U. S. N. M. No. 382944, have each 5 whorls, and measure: 
Altitude, 21 mm., 19.8 mm.; greater diameter, 34 mm., 32.3 mm.; lesser 
diameter, 22.3 nun., 20.2 mm., respectively. 


PROCEEDINGS OF THE ACADEMY AND AFFILIATED 
SOCIETIES 
THE ACADEMY 


Tite 243d meeting of the Acadbkt was a joint meeting with the Washington 
Society of Enpneers and the District of Columbia Section of the American 
Society of Cl^ Engineers, and was held in the Auditorium of the Interior 
Department Building, on Thursday, November 19, 1931. About 200 persons 
were present. Fredorat Cobb callM the meeting to order at 8 : 20 P.M., and 
turned the chair over to Dr. R. S. Pattow, Director of the Coast and Geodetic 
Survey who introduced as speaker of the evening, Professor Jtoji Sutbhibo, 
Director of the Earthquake Research Institute of The Tokyo Imperial 
University, who delivered an illustrated addiem, an abstract of which foIlowB: 
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Program J StmemBO Engttieenng aapeda of earthgudcoreaearehtn Japan 
Two Bub]eot8 were covered m this lecture— the Idu earthquake of NovembOT 
26, 1629, and the effect of viteitiona on buildings The earthquake menace 
is accentuated m Japan because of the dense population but m (act very 
strong shocks occur only about once m 30 years The numerous fore aj^ 
aftershocks are often strong enough, however, to cause damage As a result 
of the very neat importance of these diooks to the people of Japan the mteiest 
of the Earthquake Research Institute, which was founded after the destruc- 
tive shook of 1923, baa beer primarily du^oted towards local shocks rather 
than teleseismio shocks 

While the 1929 shock was in no way comparable with the great disaster of 
1623, 261 persons lost their hves and 2,000 houses were destroyed 1 he shook 
18 believed to have ongmated in the 30 km long Tanna fault running north 
and south near the nuddle of the peninsula A northward displacement of 
three feet is found on the east side of the fault A large tunnel which crosses 
the fault was under construction at the tune No very serious damage 
occurred though the minor fault lines crossed the tunnel in about six different 
places The ground throu^ which the tunnel runs is mostly volcamc ash 
with some rock intrusion Special instruments were installed to measure the 
mmute slipping which continued after the mam shock 

Fore shocks began 19 days in advance Seven hundred and eighty-nine 
shocks were recoided in one day and 4,000 over a period of 66 days Tilt 
measurements m this case show^ nothing which could have been consideTed 
as predicting an earthquake Ihis may be related to the fact that the mo- 
tion was chiefly honrontal It happened that a line of levels was bemg run 
on the day before the earthquake m one direction and was repeated on the 
day afterwards but showed no difference The change across the mam fault 
was 20 cm Tnangulation results are not yet available Seismographs in 
the tunnel and outside, constructed of stainless steel on account of the mois- 
ture gave similar records except that small short period vibrations on the 
outside instruments did not show up on the underground records 

hor the purpose of studying the effects of earthquakes on buildmgs the 
latter are divided into three classes — strong, fairly strong, and weak In the 
case of strong buildings the record made at the top of the buildmg agreed 
very closely with that of the ground In fairly strong buildings the simi- 
lanty was not so marked while in weak buildings the record at the top showed 
almost entirely the natural penod of the building and not the earthquake 
effect 

The infoience to be drawn is that in designing buildings both forced and 
free vibrations must be considered The view was expres^ that the fate of 
a buildmg is decided m the first 10 seconds of the shock It is also felt m 
Japan that accelerations corresponding to penods of lees than 1/3 second need 
not be conmdeicd in the study of strong earthquake motions as they are con- 
sidered to be within the elastic limits of most structures The opinion was 
further expressed that, while there is no real basis for adopting the ma xi mum 
acceleration at any given percental of g, such a practice with a properly 
adopted factor of safety is about the best that can be done until our knowledge 
becomes mote complete 

Chables Ihou, Recording Secretary 
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SCIENTIFIC NOTES AND NEWS 

Andrbw Thombon, previeudy aerologist for the Meteortdogioal Servloe 
of New Zealand and for some years director of the Apia Observatory, has been 
appointed meteorologist in the Canadian Meteorologieal Service. 

Db. Fbbdbbick V. CoviLLE, Curator of the Division of Plants of the 
National Museum, was recently awarded the George Robert White Gold 
Medal of Honor by the Massachusetts Horticultural Society for distinction in 
botanical fields. 

At the thirty-ninth annual meeting of the Geological Society of Wash- 
ington, held Dumber 9, 1931, the following officers were elected: PretiderU, 
F. E. Matthbs; Vice-Pnndents, F. L. Hess and H. G. Ferqubom; Seen- 
tones, J. F. Schaireb and W. H. Bradley; Treasurer, C. Wythe Cooke; 
Membere-ai-large of the Council, E. P Henderson, T. B. Nolan, FWmk 
Reeves, C. E. Resser, and F. G. Wells, 

The Pick and Hammer Club met at the Geological Survey January 16. 
H. D. Miser discussed the conduct of the fifth annual field conference of the 
Kansas Geological Society; R. H. Sargent described the work of topogpraphers 
of the Geolt^cal Survey in Alaska and showed many colored slides; Jobiah 
Birdgb showed three reels of motion pictures of geologists at work in the 
southern Appalachians and other regions. 

At a special meeting of the Pick and Hammer Club held at the Geological 
Survey, January 21, Dh. F. A. Vening Meinebe, professor of geodesy at the 
University of Utrecht, told of his work in a submarine on determinations of 
gravity at sea in the East and West Indies. 

At the annual meetmg of the American Anthropologioal Association held 
at Andover, Mass., December 28 and 29, 1931, Dr. John R. Swamton of the 
Bureau of American Ethnology was elected president for the 'ensuing year; 
Db. John M. Cooper, Professor of Antbromlogy in the Catholic University 
of America, was reelected secretary, and Dr. FkANK H. H. Roberts of the 
Bureau of American Ethnology was made an associate editor of the Amencan 
Anthropologist, the organ of the association. 

The Cosmos Club on January 18 elected officers as follows: John H. 
Hanna, President; Arthur L. Day, Vice-Preeident; D. L. Hazard, Secr^ry; 
George E. Fleuino, Treasurer; Henry Grattan Doyle, Henry C. Fuller, 
and Neil M. Judd, Managers to serve until 1935; John H. MacCracken, 
Delob H. Smith, and John Van Rensselaer, Members ofjhe Committee on 
Admissions; Victor S. Clark, E. Dana Durand, and J. Wilmer Latimer, 
Members of the Endowment Fund Committee. 

H. W. Krieoer, Curator of Ethnology, National Museum, left January 16 
for the West Indies, where he will investigate shell heaps and other aborigi- 
nal remains on the islands of San Salvador and Cuba. 
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MATHEMATICS . — A comparison of certam symmetrical growth 
curves.^ C’HARiiES P. Winsor. (Communicated by Raymond 
Pearl.) 

Tn recent years much has been written on the mathematical repre- 
sentation of growth, both of organisms and of populations. Various 
equations have been usctl for the purpt)8c, either si'Iccted empirically 
or derived from more or less rational biological considerations. In 
particular the equation 


derived by Vcrhulst, and by him calleil the logistic, has been used 
extensively. (For full refcrcncc.s, .see Pearl (.*))). .\s is well known, 

this curve has asymptotes ?/ = 0 and y = k, no point of zero slope 
between the asymptotes, and a point of inflection when y = k/2. 

It is of course clear that there are many other curv'es which possess 
similar properties. T'hc question has been raised (among others, by 
Rowley (2) and Daxies (3) as to why the use of the logistic .should be 
preferable to that of the integrated normal curve. 

In general the choice of a mathematical function to represent ob- 
served data is influenced by two different considerations. We may 
have, or think we have, a pnon knowledge of the mechanics of the 
phenomenon, from which we may deduce that the data should follow 
a certain law. More often, m biological work, the underlying causes 
and their mode of action arc so obscure that we arc in no position to 
make sound deductions about laws; we hax'^e to infer our law from the 
observations. We shall, under such conditions, jirobably be guided 

‘ From tho Department of Biology of the Srhool of Hygiene ami Publie Health of the 
Johns Hopkins University Received January 2, 19.12 
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by some such considerations as these: (1) we want a function which is 
mathematically simple, both in its functional form and in the number 
of arbitrary constants involved; (2) the fimotion must reproduce the 
observations with reasonable fidelity; (3) the function must not lead 
to absurdities on extrapolation. Obviously, these considerations are 
not sufficient, in the mathematical sense; different workers will 
interpret them differently, and it may be quite impossible to reconcile 
differences of opinion which may arise. 

In the particular case which interests us here, we seem to be faced 
with just this kind of problem. There is little understanding or 
agreement as to the underlying mechanism of growth; there is a con- 
siderable body of data on growing individuals and growing popula- 
tions. In particular, it has been found that many sets of growth data 
can be fitted, more or less closely, with logistic curves. But clearly 
this docs not exclude the possibility that they might be as well, or 
better, fitted with some other curve. 

It is the primary purpose of the present paper to make a mathe- 
matical comparison of certain symmetrical cur\'es, not with observa- 
tional material, but with each other, with a view to determining how 
different in form they actually arc. ("learly whether it is actually 
possible to discriminate between functions on the basis of goodness of 
fit to observations will depend in part on the differences between the 
curves themselves, and in part on the regularity or irregularity of the 
observations. It is useful to compare the cur\'CH iw curves, since we 
can then form an opinion as to whether ob.scrvational material Ls 
likely to be regular enough to furnish an adequate test of one hypoth- 
esis as against another. 

The particular curves which will be considered here arc the logistic, 
the integrated normal curve, the are-t.angcnt curve, and the integrated 
Pearson Type VII curve.* The equations to these curves are: 

k 

lAJgistic. y,^ = — — ---(j (1) 

1 + « 

Integrated Normal - - J' e ^ dc (2) 

. k /x — Xo\ k 

Arc-tangent: y^, = ^ tan ' I — — 1 + - (3) 

* There are of course many other symmetrical gniw th curves which might w ith equal 
reason bo used eg,;/- K tan~' e" +* 
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Integrated Type VII: 2/^ = yo J* (4) 

For purposes of comparison, we shall make the upper asymptote 
unity for all curves; and we shall choose the time origin at the point of 
inflection. This will leave us one constant in each of the first three 
curves, and two in the Pearson curve, to be determined. Further, it 
is convenient to set <r = 1 in the integrated normal curve, since this 
enables us to read its ordinates direct from Sheppard’s Table. This 
throws our equations into the form: 


Logistic: 




^ 

1 + e' 


(!') 


Integrated Normal; 




e~ * (h 


( 2 ') 


Arc-tangent: 


■(!) 


(3') 


Integrated Type + S’* 

The natural method to follow in fixing the values of the constants of 
these equations would be the method of least squares, this, however, 
involves us in difficult integrations, and it is qu&stionable how far the 
results obtained would be of value in practice.* The method of 
moments is perhaps the next that occurs to one, naturally not the 
moments of the curves themselves, but of their first derivatives. This 
method may be followed for comparing equations (,1). (2), and (4); 
but in the case of the arc-tangent curve the second moment of the 
derivative is infinite. 

We may also determine the constants by fixing the points of inter- 
section of the curves. This will be simple in the case of all but equa- 
tion (4). We shall arbitrarily set the points of intersection at 
y y “ 5 j y ” Py symmetry, an intersection at y ={^ — a) 
determines an intersection at y = (J + a). 

In practice, Me are dealing only nith a finite segment nf the curve, and in general 
only with that portion where growth is aetive; hut a least squares solution gives equal 
weight to differences wherever they occur 
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Wc shall have then two comparisons: (A) equations (1), (2), and 
(4) compared by the method of moments, and (B) equations (1), (2), 
and (3) compared by fixing points of intersection at y - y = j, 

y = 3- 

Wc obtain the following equations: 

Comparison A. 

Logistic: iTwi 

l + e 


Integrateil Normal, y,, = V2~ tf * * 

21 nx / 

Integrated Typo VII ?/p = ^ ^ < ’■ 


Comparison B. 

Logistic- = -lieisso; 

1 + c 

1 C* - 

Integrated Normal: y^ = ^ 

Arc-tangent- y,. = ^ tan-‘ ( + > 

Tables 1 and 2 show the ordinates of each of these curves for com- 
parisons A and B respectively; Figures 1 and 2 show the course of the 
the curves graphically. It will lie noted that the Type VII curve 
giv'cs a much closer fit to the logistic than the normal curve; this, 
of coui-se, IS to be expected, since we have equated one more moment. 
It will also be observed that in comparison B we have a distinctly 
closer agreement between the normal curve and the logistic than 
in Comparison A, over that part of the growth cycle that is of 
greatest interest to us. We may infer that the method of moments 
is not the best method for use in this particular case; and that per- 
haps a still better fit would be obtained by the method of least squares.^ 
The comparison may be made in another way, which may be of 

interest. Values of ^ plotted on semi-log paper give a straight 

y 

* Subject to the cuneideration in the previous foot-note 
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line if y follows a logistic. If we plot values of ^ for other equa- 

y 

tions, we shall have curves which approach a straight line more or 
less closely as the curves themselves approach the logistic more or 

TABLE 1 '-Comparison of Intkukatkd Normal, Looihtii , and Integhatbd Tipe 
VII Curves Constants Determined b\ Method ok Moments 

- 

Intecratad NwiiikI 


IiiteKmtul Tytw Vll 

0 

6000 

5000 

5000 

2 

5793 

5897 

6871 

4 

0554 

0738 

0005 

6 

7257 

7481 

7433 

8 

7881 

8102 

8000 

1 0 

8413 

8508 

8.509 

1 2 

8840 

8981 

8900 

1 4 

9102 

9- 00 

9200 

1 0 

0452 

9470 

9485 

1 8 

0041 

90.12 

9042 

2 0 

9772 

9741 

0752 

2 2 

0801 

9818 

9829 

2 4 

9918 

9873 

0882 

2 n 

0953 

0911 

0019 

2 8 

9974 

9938 

9944 

3 0 

9987 

0067 

09GI 

TABLE 2 —Comparison ok Inteoratei 

1) Normal, Louistk’, 

AND .Vm-TAM.KSr 

Curves 

Points or Intersection at y — i, v " 

i, 1/ - 3 

- 

lotcuatcci Normal 


Arc-l«ngei.l 

u 

, 5000 

5000 

.5(M10 

2 

5793 

.5800 

5058 

4 

05.54 

W71 

0704 

6 

7257 

7202 

7314 

8 

7881 

7859 

7771 

1 0 

8413 

8.1.50 

Mil 

1 2 

8849 

87.5() ! 

8170 

1 4 

0102 

9069 1 

1 8.571 

1 0 

9452 

9109 

8730 

1 8 

9041 

0491 

8850 

2 0 

0772 

0027 

8906 

2 2 

9801 

9728 

90.5.1 

2 4 

9018 

0802 

9128 

2 6 

00.53 

9856 

9192 

2 8 

9074 

9890 

9248 

3 0 

9987 

0924 

0290 

In these tables ordinates have been tabulated only for positive values of x, for 

negative values of x, the ordinate ■* 1 

- »* 
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leas closely. Figure 3 shows the values 
comparison B. 


for the curves in 
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From the discussion above, it appears that the logistic and the 
integrated normal curve arc so nearly similar as to suggest a question 
as to whether one could disenminate between them on the basis of 
experimental data. It will be noted that the maximum difference in 
corresponding ordinates is of the order of 1.5 per cent of the asymptote, 
and an examination of published obscn'ational data will shoiv but 
little material approaching this order of accuracy. The data of 



Fig 3 ValueHof 
anthlog paper 


- forliOgiatic, Integrutei] Xormiil, ami Vre-tangent Curves, i 


Carlson (1) on growth of yeast, which have been worked over by 
Pearl (.4) and Schultz (6), are, however, sufficiently regular and 
sufficiently extensive to suggest an attempt at a graduation com- 
parison. 

Fitting by the method of least squares, we obtain equations as 
follows: 


4 27Mg - A4823 x 


Logistic : 


Vl = 


( 6 ) 
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Integ^ted Normal: I’- ^ ^ <«> 

Table 3 shows the results of the graduation by these two equations. 
It will be observed that not merely does the logistic give a better fit, 
as indicated by the quadratic mean error, but that there is distinctly 
more tendency to systematic deviations in the case of the normal curve. 


TABLE 3 — CoMFARiHHN or Luuibtic and Integhated Normal Curves Fitted to 
Growth or Yeast 




Caleukted | 

Davifttwiu trom obaanratioiu 

Timnnlmur. 

v.Ai 

Looialia 

"L 

rjv 

LocUlo 

Hobt - *L 

Normil 

0 

0 6 

9 05 

3 09 

+ 66 

+6 91 

1 

18 3 

15 51 

8 05 

-1-2 79 

-t-9 35 

2 

29 0 

20 38 

10 62 

+2 02 

-1-9 38 

3 

47 2 

44 30 

.30 31 

-t-2 84 

+7 80 

4 

71 1 

r3 17 

71 00 

-2 07 

-0 80 

5 

119 1 

117 10 

120 48 

-1-1 04 

-1 38 

6 

174 0 

170 54 

185 40 

-4 94 

-10 80 

7 

267 3 

260 .35 

20.1 04 

-2 05 

-6 64 

8 

:«o 7 

.149 02 

348 88 

-1-1 68 

+ 1 82 

9 

441 0 

4.10 17 

412 (Kl 

+4 8.3 

-1-8 97 

10 

513 3 

509 74 

504 78 

-l-.l .56 

-1-8 62 

11 

559 7 

504 82 

502 20 

-6 12 

-2 66 

12 

594 8 

002 41 

00.1 34 

-7 61 

-8 54 

IJ 

020 4 

020 64 

020 48 

+2 80 

-0 08 

14 

040 8 

041 38 

044 20 

-0 58 

-3 49 

15 

051 1 

OtW 29 

052 30 

+0 81 

-1 29 

Ifl 

055 9 

0.55 54 

060 01 

-t-0 30 

-0 11 

17 

0.59 0 

058 on 

657 52 

-f-1 00 

-1-2 08 

IS 

001 H 

OOO 40 

068 12 

-1-1 40 

-1-3 08 

Sum <if Hijiiares of clcvuitions — 
Quiiilratir mean crnir - 


194 88 
.3 49 

716 20 

6 69 


* Dntii from Carlsun’s (1) Tabic VIH 


It seems clear that in this instance, at least, the logistic is essentially 
a better growth curve than the integrated normal. 

It does not appear worth while to attempt a comparison with the 
arc-tangent curve or with the integrated Type VII curve. The 
arc-tangent curve will not even approximately fit the data; the Type 
VII curve will perhaps give a good fit, but only at the cost of an un- 
warranted amount of effort. 
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SUMMARY AND CONCLUSION 

From a comparison of the logistic equation with those for the arc- 
tangent curve and the integrated normal curve, it appears that the 
logistic and normal curves are of closely similar shape, and that both 
differ widely from the arc-tangent curve. It also appears that the 
logistic cur\’e describes the growth of a population of yeast cells with 
distinctly greater accuracy than does the integrated normal cun-^e. 

I wish to thank Dr. Raymond Pearl, at whose suggestion this paper 
was written, for his advice and criticism. 
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APPENDIX 

1 Moments of the logistic derivative 
The logistic equation 



has for its derivative 



We require the momenta of this derivative curve 



Plainly all odd moments are zero, and also 




c~ dz 


Setting bx =• u, and expanding the denominator nc have 
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And changing variables again, setting ku — v, 




2 • (2 n) ' 


But this IS a well-known senes involving the Bernoulhan numbers, so that we have 
finally 

Bi - 1, B, - »•„ etc. 

And we have as the momenta of the logistic derivative 

V* 

'""3 6 * 

7r* 

“ 15 6* 


A - - - 4 2 

2 For comparison with the normal curve, we set 


b - --T- - 1 81380 
V3 

3 Wc have for the values of the constants in the Pearson Typo VII curve 

5ft - 9 
" 2 (ft - 3) 

I _ 2 wft 
“ " ft - 3 

AT r (m) 

Fo — 7= 

a V>r(M - i) 

And setting AT - 1, /i, •• 1, ft » 4 2, we have 

m - 5, a* - 7, IS, - 0 439990 

4 To determine constants so that the logutic, integrated normal, and arc-tangent 
curves shall intersect at y - } 
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When 2/ - j, z - 0 67440 


for the integrated nonnni curve 
Logistic 


- bz - log. 


1 + e 
Vl- i,x r- 0 67440 


(4r) 


Arc-tangent 


Yy - * tan * ^ + i 

I - t>« vr - 

2/j. - “ 0 67440 

a « 0 67440 


6 Comparison with Carlson's observations 

Carlson’s data are taken from his Tabic VIII (also given by Pearl (4) and Schultz 
(6). Schultz has fitted these data by the least squares, but states that a better fit than 
given by his equation (63) might be obtained by a reiietition of the least square proce- 
dure. Accordingly the constants in his equation (63) were used as first approximations 
The results hardly justified the trouble, as the quadratic mean error was only reduced 
from 3 60 to 3 40 

For the least square fit to the normal curve, approximate values of the constants were 
selected as follows 


kt <= 662 

z.„ - 7 8 
e, - 31 


The corrections found were 


Ak 


-3 62 


Az« 


030 

0366 


giving final values 


JL - 688 38 
z. - 7 770 
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A comparison of the retained and nogleetod terms for 0, 0, and 18 hours indicated 
that the neglected (second order) terme were actually small in comparison with the 
retained terms 


GEOLOGY . — Faunal zones in the Miocene Ckoctawhatchee formation 
of Florida.^ Wendell C\ Mansfield, U. S. Geological Survey, 
and Gerald M. Ponton, Florida Geological Survey. 

In March, 1930, the writers discovered fossiliferous outcrops of 
jMiocene beds in the valley of Alaqua Creek, Walton County, Florida, 
farther south than fossils had previously been reported from this 
region.® Fossils from these beds, when studied by the senior author, 
showed that they belong to the Choctawhatchce formation. ITiey 
not only give more substantial evidence of the close faunal relationship 
of the Shoal Itivcr formation to the succeeding Choctawhatchce 
formation but also reveal the secjuence of the zones of the Choctaw- 
hatchce formation and the position in the formation of the typical 
deposits at Red Bay. 

UTie map (Figure 1) shows the tsqie localities of the Shoal River and 
Choctawhatchec formations and the places at which fossils have been 
collected near Alaqua ('reek. The numbers on the map arc the serial 
numbers recorded in the station book of the IJ. S. Geological Survey 
kept at the National Museum. The boundary between the Shoal 
River formation and the Choctawhatchce formation as drawn is 
entirely conjectural. The newly discovered localities arc stations 
12044-48, lioGO, and 12527. The following are the explanations of 
the station numbers: 

3742 Shell Bluff Type locality of the Shoal River formation. 

3747 Parker place. Shoal River formation 

4975, 7152. Red Bay. Choctawhatchce formation {Eephora zone 
and upper port of Area zone) 

5618. Langley’s old farm. Shoal River formation. 

9959. One-fourth mile west of Pleasant Ridge Church. Shoal River 
formation. 

10612. Chester Speode’s farm. Provisionally placed in the Shoal River 
formation. 

‘ Published by permission of the Director of the U S. Geological Survey and of the 
State Geologist of Florida. Received January 12, 1932 

* Station 3747, reported by Gardner (U 8 Geol Survey Prof Paper 142} os 8 miles 
south of Lake D^uniak, is 8 miles nearly due west of DeFuniak Springs, in SW f see. 
34, T 3 N., R. 20 W —an error of the derk in copying the station record. The shells 
jmre found at a depth of 80 feet in a well dug for water. 
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12044. Bell farm, upper locality. Choctawhatchoe formation {Area 
zone). 

12045. Bell farm, lower locality. Choctawhatchee formation {Area 
zone). 

12046. VauRhan Creek, upper locality Choctawhatchee formation 
(.4rca zone). 

12047. Vaughan Creek, lower locality. Choctawhatchee formation 
(Area zone) 

12048 Permenter’a old place. Choctawhatchee formation {Eephora 
zone). 

12060 Frazier's old farm Choctawhatchee formation {Yoldia zone). 

12527. Alice Creek. Choctawhatchee formation (upper part of Area 



Fig 1 Fosailifcroua localities in Walton County, Flondii 


The most southerly locality in the valley of Alaqua Creek at which 
fossils had previously been collected is the Chester Spence farm in the 
NE.i sec. 17, T. 2 N., R. 19 W. (U. S. G. S. station 10612). The 
fauna at this place appears to be transitional from that of the Shoal 
River formation to that of the Choctawhatchee formation. This 
fauna is provisionally left in the Shoal River formation, where it was 
placed by Gardner; but it may eventually be placed in the basal part 
of the Choctawhatchee formation. 

The following generalized section shows the divisions that are now 
recognized in the Choctawhatchee formation. 
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Genekauzed Section of the Choctawhatchbe Formation 

Feet 

5. Cancellana zone. Fine to coarse clayey foasiliferouR sand . 25-30 

4. “Aluminous clay ” Grayish unfossihferous clay . . . 25 

3 Ecphora zone Sandy fossiliferous clay . . 15-25 

2. Arcozone. Gray sandy fossiliferous marl .... ... 55 

1 Yoldta zone. Dark-|;ray to bluish micaceous and carbonaceous 

clayey fossibfcrous sand .... 15 

The Yoldta zone, which is here recognized for the first time, and the 
Area zone are now regarded as representing the upper part of the 
middle Miocene; the Eephora zone, the “aluminous clay,” and the 
Caticellaria zone are referred to the upper Miocene. 

Yoldta zone. — new name, Yoldta zone, is here proposed for a bed 
carrying many individuals of the genus Yoldta. The type locality is 
the Frazier farm (formerly the Spencer farm), Walton (’ounty, in 
SE 1 sec. 18, T. 2 N., R. 19 W. (station 12060). The sediments com- 
pasing the zone constst of dark-gray to bluish micaceous clayey sand 
with inclusions of carbonaceous particles. The thickness has not been 
accurately determined, but it probably docs not exceed 15 feet. 

The zone is believed to represent the basal bed of the Choctawhatchee 
formation although the contact with the underlying Shoal River for- 
mation which may be conformable with it has not been recognized 
with certainty. The zone is separated from the oyerlying Area zone 
because of its abundant content of large Yoldia shells, a genus which 
usually indicates that the temperature of the water in which it lived 
was rather cold. 

Area zone. — The name Area zone was proposed by Mansfield' 
in 1929. The zone is typically exposed at Red Bay, Walton County, 
where it forma the lowermost fossiliferous bed, about 21 feet thick, in 
the exposure (stations 4975, 7152). A nearly unfossiliferous upper bed 
of clay at this locality, which was formerly included in the Area zone, 
is now placed in the Eephora zone. 

The Area zone consists mainly of very fossiliferous gray sandy marl 
having an estimated total thickness of about 55 feet. It probably 
rests conformably upon the Yoldia zone. The upper limit of the 
Area zone is provisionally placed at the contact of the marl with an 
overlying plastic clay bed which, in the section at Red Bay, carries no 
determmable fossils, llie shells in the marl are worn and broken. 

■W C Mansfield in C W Cooke and Stuabt Mossom, o/ Fiortda, Florida 

Geol Survey Ann Kept 90: 140 1029; and W C i/l\SBriSLD, Miocene gaulropofU ajid 

ecaphopode of the Choclaiehalchee formation of Florida, Flotida, Geo\ Survey Bull 8: 16. 
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The absence of fossils from the clay and the lithologic difference 
between the marl and the clay suggest an unconformity between the 
two beds, but this relationship has not been fully established. 

The Area zone was observed in the Alaqua Oeek Valley at the head 
of small branches flowing into Sconiers Mill Creek, on the Bell farm, 
in the NE.J sec. 29, T. 2 N., R. 19 W. (stations 12044 A5 ) ; on Vaughan 
Creek, in secs. 27 and 28, 'F. 2 N., R. 19 W. (stations 12040 47); and 
at Alice Creek, in the SE.f sec. 8, T 1 N., R. 19 VV. (station 12.'527). 

The beds exposed at the Bell fann and .along Vaughan Creek are 
believed to carry the earliest fauna of the Area zone, whereas the lower 
fossiliferous bed at Red Bay carries the latest fauna of this zone. 
The senior author, basing his evidence Ufion the study of the mollusks, 
believes the beds at the Bell farm and along Vaughan Creek have 
nearly if not the same stratigraphic jaisition, but the junior author, 
basing his evidence upon the study of the foraminifera, is inclined to 
believe that the beds along Vaughan Creek are lower in the section 
than those at the Bell farm. 

Eephora zone - "Flic Eephora ‘'bed,” named by Dali and Harris, ♦ 
is now known as the Eephora zone.* Its type locality is at Alum Bluff, 
Apalachicola River, Liberty (‘ounty, Fla., where it forms the upper- 
most fossiliferous bed of the section. The sediments composing the 
zone consist of a sandy clay which is bluish where unw-eathered. The 
bed ranges in thickness from 15 to 25 feet at Alum Bluff. 

At Alum Bluff the Eephora zone, with somewhat doubtful uncon- 
formable relations, rests upon a fossil leaf-bearing sand which Cooke 
and Mossom* questionably refer to the Alum Bluff group. It is con- 
formably overlain by the “aluminous clay” of Dali. 

An exposure in the east bank of Alaqua Creek on Permenter’s old 
place, in sec. 17, T. 1 N., R. 19 W. (station 12048) apparently repre- 
sents the Eephora zone. At Red Bay the upper poorly fossiliferous 
plastic clay bed, about 27 feet thick, is placed m this zone. 

The “aluminous day ." — The “aluminous clay,” a name apphed by 
Dali' to a 25-foot bed of grayish clay overlying the Eephora zone at 
Alum Bluff, Liberty County, Fla., has not been recognized in the 
Alaqua Creek Valley. 

*W H Dall and Q D YIahkib, The Neocene of North .imertca, V 8 Gaol Survey 
Bull 84: 123-124. 1892 

» W C MANsnuLo in Geology of Florida, p 140, 1929 

* C W. CooKB and Stuart Mossom, Geology of Florida, Florida Geol Survey Ann 
Kept. 90: 108 1929 

’ W. H Dall and Josbph Stanley-Brown, Cenoxoic geology along the Apalachicola 
River, Geol Soc Am Bull S: 108-169 1894 
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CancelUtria zone . — The name Cancellaria zone was proposed by 
Mansfield* to include beds that carry the latest Miocene fauna. This 
zone is typically exposed in the highest fc^iliferous beds along Harveys 
Creek, in the SW.i sec. 9, T. 1 S., R. 3 W., Leon County, Fla. The 
Cancellana zone is composed of fine to coarse grained clayey sand 
replete with fossils, having an estimated total thickness of 25 to 30 
feet. It has not been recognized in the Alaqua Creek Valley. 


BOTANY.— 7Vcu> species of slime molds.' O. W. Martin, State 
University of Iowa. (Communicated by William R. Maxon.) 
In the present paper six species of Myxomycetes are described as 
new, — one from (’olombia, one from Ontario, and four from the 
western United States. The descriptions of the two species of Cri- 
brana arc based m part upon the monographic study of the genus 
made by Miss Eunice Lovejoy and filed, as a thesis, in the library of 
the State University of Iowa. The type spiecimen of the Colombian 
species and portions of the type specimens of the others arc deposited 
ill the United States National Herbarium. 

Badhamia cinerascens Martin, sp. nov. 

Pendia soaaiba, globosa vcl lenitor dopressa, 0 7-1.5 mm. lata, ogglomerata; 
tunica tonuis, fragilis, cmerca, rote calcifero obducta, capillitium album; 
sporoc libcrae, fuscae, valide cchinulatac, 12-15 m diam 

Sporangia globose or flattened, sessile or occasionally borne on a pallid, 
membranous stipe, 0 7-1 6 mm in diameter, densely aggregated and more or 
less supenmpo^, on a pallid membranous hypothallus, pendium thin, 
fragile, ashy.covertxl by a dense network of calcareous thickenings, capUlitium 
abundant, white, badhainioid under lens, but under the microscope exhibiting 
numerous threadlike tubules, spores intensely black in mass, spherical, non- 
odherent, deep blackish brown by transmitted light, densely and strongly 
spmulose, 12-15 n, averaging 13 5 it, 2 n representing the spiny margin. 

('OLOMBIA' On tree trunk. La Sierra, Antioquia, alt. 2,000 m , March 8, 
1931, W A. Archet 1062 (type, U S Nat Herb ) 

Close to B. macrocarpa and, like that and related species, with a more or 
less physaroid capillitium, but distinguished by its ashy color, the heaped 
sporangia, and the extremely dark, coarsely and densely spmy spores. In 
appearance not unlike some specimens of Physarum nnereum, but the capilli- 
tium distinctly more badhamioid than phj'saroid, and the spores much 
larger, darker, and rougher 

' W C Mansfield in Geology of Flonda, p. 140 1029 

* Received Deeemfier .30, 10.11 
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Anuurocluets ferruglnea Macbr. & Martin, sp. nov. 

Aethalium pulvinatum, longitudine 7 cm ; pcridium fugacpum, capillitium 
fcrrugineum; sporae ferruginoae, minute verrucosae, 7 6-9 m diam. 

Aethalium pulvinate, flat, up to 7 cm. in length and 4 cm m width, peri- 
dium fugaccous; hypothallus shining, silvery, extending somewhat beyond 
the mai^n of the aethalium, definite columellae lacking, but capillitium 
branching from numerous rigid irregular branches arising from the hypo- 
thalluB and soon dissipated .nto subordinate branches, threads dark brown, 
bearing numerous lighter brown irregular membranous expansions, spores 
cinnamon-drab to benzo-brown (Ridgway) in mass, pale reddish brown by 
transmitted light, minutely warted, 7.5-9 n 

California: On charred coniferous wood, Yoscmitc Park, Aug. 31, 
1906, T. H. Mathrule (type, in herb State Univ la, no 1438) Oregon ; 
On decorticated coniferous wood, S U I 1439 

The structure of the capillitium is very similar to that of A. fuligtnosa, 
from which species this differs in the brownish color of the capillitium and in 
the small, pale, relatively smooth, femiginous spores, the two characters to- 
gether giving the fructification a ferruginous cast m marked contrast to the 
block of the other species of the genus. 

Amaurochaete trechispora Macbr. & Martin, sp nov 

Aethalium pulvinatum, longitudine 7 cm , pcridium obscunim, nitens, 
fugaceum, tuberculatum, capillitium nigrum, sporae atroviolaceae, reti- 
culatae, 13-16 ft diam. 

Aethalium pulvinate, flat, up to 7 cm in length; cortex dark, shining, 
evanescent, faintly tubcrculate as though suggesting the tips of component 
sporangia, hypothallus broadly expand^, persistent, extending well beyond 
the borders of the aethalium, silvery, with yellowish stains, and amber globu- 
les representing remnants of the presumably yellow plasmodium, capillitium 
black, irregular, composed of numerous stout columella-hke bases, these soon 
becoming dissipated into numerous freely anastomosing branches, periph- 
eral nets lacking, spores purplish black in mass, lilaccous brown by trans- 
mitted light, globose, ornamented with a pronounceil reticulation formed 
of wing-likc ndges, the meshes coarse and often unequal, 13-16 ii in iliameter, 
10 -12 n representing the diameter of the Ixaly of the spore, the balance the 
ridges of the reticulum 

Ontario: On Sphagnum, Temagami Forest Reserve, Oct 6, 1919, J. H 
Faui/ (type, in herb Univ Toronto, no 5135), on herbaceous stein, Aug 14, 
1931, II S. Jackson (herb. Univ. Toronto 2460). 

A well-marked species, related to A fuliginosa but separated by its re- 
markable and strikmg spores Based on a collection well desenbed by Miss 
Currie’ and by her doubtfully referred to Slernomlis fusca Roth var. Irechi- 
spora Torrond. Aside from the reference to the strongly reticulated spores 
and the occurrence on Sphagnum, there is nothing in 'rorrend’s brief descrip- 
tion of his vanety’ to suggest the present species, nor con it be the form 

* Trans Royal Gan Inst 1919: 200 

• FI. Myx 141 1909 
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described and illustrateil by Jahn‘ as SUmomita Irechtapora Torr. It is clearly 
an Amaurochaele 



FigH \-2, Bailhamiacincraiicna,aif nov 1, Three upores, two in outline to ahuw cuiu- 
nion variation!) in shape, X 1500 2, Portions of cnpiUitium, badhomioid at left, some- 

uhat physaroid at right, X 164 Fig 3, Amaworhafle Jerruginea, sp nov , spore, X 
1600 Figs 4-6, i maurochaelc trechiapora, sp nov 4, Portion of capillitium, X 164 
6, Two spores, X 1.6(K) Figs 6-7, Enerthenema mrlanoxpermwn, sp nov 6, Fructifica- 
tion, X 20 7, Spore, X 1500 Figs 8 -9, Crihraria dtclgoipora, up nov 8, Two sporan- 
gia, X 20 9, T«o spores, X 1600 Figs 10-13, Cribraria alrofuxca, sp nov 10, Two 

sporangia, X 20 II, Margin of caly cuius, showing concentric lines of granules, X 164 
12, Portion of net and spore, X 082. 13, Two spores, X 1.600 

* Ber Deutsch Hot Ges 41: 394 1923 
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Enerthenema meUaospermum Macbr. & Martin, sp nuv 

Pendia stipitata, sphacroidea vel ovata, nigra, 0 8-1 mni lata, 2 mm. 
alta; stipes niger, crassus, sub apiccm attenuatiis, sporoc atro-olivaeeae, 
crassitcr vcmicosae, 12-14 diam 

Sporangia intense black, grogarious in small clusters of three to a dozen, 
these in larger aggregations, globose or oval, stalked, 0 8 to 1 inm in diameter, 
total height 2 mm or more, stipe black, shining, rather stout, attenuate 
upward and continued as a slender unbranched columella capped with a very 
large, shining, infundibulifomi terminal disk, up to 0 5 mm in diameter; 
oapillitiuni dense, black, rather freely branched, arising from terminal disk 
and with ends free, spores free, dark olivaceous, coarsely warted, 12-14 ix 

Oregon: Three Sisters Mountain, T. H Marbnde (type, m herb State 
Univ. la., no 1437) 

Obviously close to E. papiUiUum, but clearly distinct by reason of its large 
size, the intense and permanent black color, the very large apical disk, and 
the large, dark, very rough spores 

Cribroria dlctyospora Martin & Lovejoy, sp. nov 

Peridia globosa, erecta, atrofusca, 0 4-0 8 mm lata, calyculus partem 
tertiam pendii occupans, margine denticulatus, nodi erossi, atri, sporae 
violaceae, coacervatae, ochraceo-brunneae, minute verrucosac et amplitcr 
rcticulatae, 8-8 8 p diain. 

Sporangia gregarious, dark purplish brown, erect or slightly nodding, 
globose, 0.4-0 8 rrini in diameter, total height 1-2 mm , calyculus occupying 
about onc-third of the spore case, marked with irregular, dark, granular rays, 
the margin toothed, net rather fine-meshed, the connecting thrcatls narrow, 
the nodes flat and angular, nut greatly thickened, densely filled with large, 
dark granules, making them appear black, free ends abundant, often branched, 
ansing both from nodes and from connecting threads, stipe slender, two or 
three times the diameter of the sporangium, furrowed, light at the apex, 
otherwise dork, spores ochraceous brown in muss, clear violet by transmitted 
light, globose or somewhat angular, minutely warted, and covered with a 
coarse and often imperfect reticulum of three to five meshes to the hemi- 
sphere, 8-8 8 M, averagmg H 5 p 

Oregon: On dead wood, other collection data lacking (type, m herb 
State Univ. la., no. 1435). A different collection, also from Oregon, herb. 
S U. I 1436 

No. 1435, designated as the type, is the more ample collection The 
sporangia are slightly smaller than those of no 1436, the stalks relatively 
longer, the spores a tnflo larger (averaging 8 5 ^ as compared with 8 3 p) 
and the reticulations slightly less conspicuous They are, clearly, slightly 
different aspects of the same species. 

The most striking charactenstic of this species is the reticulation of the 
spores, otherwise unknown in the genus The nodes are similar to those of 
C. macrocarpn, but the granules with which they arc filled are larger and 
much darker. The margin of the calyculus, with its granular rays, suggests 
that of C. pinformia. 
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Cribraria ctrofusca Martin & liovejoy, sp. nov. 

Pendia globosa vel obovata, atrofusca, nitentia, 0.4-0.6 mm lata, erocta; 
calycuIuB partem dimidiam peridii occupans, intus ooncontricus, marfpne 
denticulis fongifl praeditus, nc^i dllati, granulali, aporae atrofuacae, tenuiter 
vemicosac, 7 5-8 6 n diam. 

Sporangia loosely greganoua, dark purplish brown to nearly black, shining, 
iridescent, globose or somewhat obovate or occasionally pynform, usually 
erect, 0.4-0 6 min in diameter, total height 1 -2 mm. or more, calyculus 
occupying nearly or quil.o one-half of spore case, marked by slender granular 
nbs radiating from the stipe and by broken concentric granular thickenings 
deposited on the inside, the concentric character being visible without under 
the lens in bnlliant light, the margin with very fine teeth and long, slender 
toothlike projections, these beonng the net and similar to its ni^es; net 
regular, with broad connecting threads, the nodes expanded, granular, dark 
brown, with a few free ends arising from both nodes and threads, the silvery 
pcridiuin tending to persist, hypothallus small, stipe dark brown or nearly 
black, slender, furrowed, 0 6-1 8 mm long, spores dark reddish brown in 
mass, grayish brown by transmitted light, finely vorrucose, 7 6-8.1 g, averag- 
ing 7.0 g. 

(’oiAiiiADo: On coniferous wood, T // Macbttde (tyiie, in herb. State 
Univ la., no 1103), on coniferous wowl, E Bethel, S 11. 1. 1449, on conif- 
erous wood, 1909, E Bethel, S U 1 14.50, on coniferous wood (locality not 
given, but probably Coloraiio), S. U 1 1451 

A notable ajieciea The dark, glistenuig sporangium, the dark spores, and 
the granular concentric rings within the calyculus are diagnostic Tlic 
toothlike pnijectioiis which bear the net are longer and more slender than in 
any other species, but their structure suggests that they are to lie regardeil as 
elements of the net rather than of the calyculus The peridiiim tends to be 
more persistent than in most cnbrnnas and in its shinmg silvery character 
suggests iMmproderma arcynoncma The spores are much the color of some 
of the more ferruginous species of Slemomhs 


UO'T.VN^'.- The dislnbution of IJictyosteliiim arid other shmc molds 
in sod ' Kenneth B Rapek and (’harleb Thom, Bureau of 
Chemistry and Soils. 

Ill our previous paper (7) it was reported that amoeboid organisms 
were present in abundance in all samples of soil examined. From 
certain of these samples plasmodia developed mdicatmg that many 
of these amoeboids represented only a stage in the life cycle of the 
Myxomyoetes. The fruiting bodies of l>iclyoslelium belonging to the 
Acrasieac, a group of organisms related to the Myxomycetes but 
which do not have a dagellate stage, and which fruit through a mass 
movement of amoebae instead of the formation of true plasmodia, 
also de\'eloped in cultures from some samples. 


' Received January 8, 19.12 
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Following this we encountered these organisms so frequently in our 
cultures and from such varied sources ns to indicate that they were 
more abundant and widely distributed than previous reports showed. 
Since the genera of the Acrasieae pass the whole of their vegetative 
pieriod ns amoeboids and merely form aggregates in their fruiting phase, 
their identification even to the group depends upon finding culture 
methods which enable theni to complete their life cycle. Thus the 
possibility was apparent that DidyoHlelium and the closely related 
genus Polysphondylnim when present might easily be overlooked. 

It is equally apparent, that special culture procedures must be used 
in isolating and identifying tho.se organisms. The methods employed 
in this investigation have been rather simple. 'I’he sample of soil or 
decaying vegetation w’as thoroughly ground in a clean mortar and 
diluted with approximately ten volumes of sterile water. The re.sult- 
ing suspension was then streaked upon freshly solidified maiinite 
agar (Ashby’s formula) plates, about four to five drops being used to 
each plate. Incubation was for two to three weeks at nwm tem- 
perature or in an incubator at The necessary incubation 

period at the lower temperature is slightly longer but certain fungi 
are held in check which at the higher temperature tend to oveirun 
the plates. 

The fnuting bodies of Dtclyostelimn w'hen pre.sent are easily recog- 
nized under low magnifications. They appear \ ery much like fruiting 
structures of some mucors, but the absence of any mycelium leading 
away from the base readily identifies them as lielunging to the Acra- 
sieae. The stalk is considerably swollen at the base and tapers con- 
siderably toward the top. Polya phondylium, with its verticillately 
branched sporophore simulates certain mycelial fungi in appearance 
but can likewise be readily recognized by the absence of a mycelium. 
With a compound microscope either is at once identifiable by the 
peculiar and characteristic structure of tlic stalk, which is formed of 
polygonal celLs, arising from amoebae during fruiting, piled one on tup 
of the other. 

Dictyostelium grows slowly and poorly on mannite agar, hence it is 
best to transfer us soon as ixxssible to more fiiA’orable media. Mannite 
agar is used in isolating these organisms, not because it is a particu- 
larly favorable medium for them, but becau.se it is (lUitc unfavorable to 
most fungi and some bacteria, which, if a stronger medium were used, 
would overrun the plates in a very few days to such an extent that 
fruiting bodies of Dictyostelium would not be able to develop or not 
found if they did develop. Fair growth has been obtained upon hay 
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infusion, carrot or a weak horse dung decoction agar. Moist hay 
has been used with some success. But we have found a medium con- 
sisting of mannite agar plus rat dung* to be most satisfactory. Ex- 
cellent growth is obtained upon this medium and the organisms are 
easily kept in culture by transferring every four to five weeks. The 
cultures tend to die off after prolonged artificial cultivation. 

Polysphondylmm grows l^ettcr than Di^lyostebum upon mannite 
agar. Good growth is obtained upon hay and mannite-dung agars. 
A weak horse dung decoction agar also gives excellent growth. 

Harper used a weak dung decoction in his studies on Dtctyostelium 
(2) and Polysphondyhum (3). Olive (5) employed both dung and 
peptone agar in his work on the Acrasicae. Skupienski (6) grew 
Dictyostelium mucoroidea on weak hay infusion agar. 

Our interest in these genera was increased when it became evident 
that their amoeboid phase appeared in samples of soil from widely 
different areas. A surv'ey of a considerable series of soil samples was 
therefore undertaken. This paper is intended to give a bncf review 
of this survey. 

During this study Didyostelmm has been identified in plates from 
fifteen samples of various kinds collected m Washington, D. C., and 
in nearby Maryland and Virginia. Included in these were samples of 
decaying vegetation such as leaves of curly dock, leaves and stems of 
Erigeron, stems of ragweed, dead blue grass and feather grass, oak 
leaves from the forest, leaf mould underlying oak and maple leaves, and 
dead grass floating in a pond It has been obtained a number of 
times from soils underlying grass, both at the surface and at a depth of 
three inches, and from forest soil underlying leaf mould. It has also 
been isolated from stagnant water. 

Samples for this study were collected in some of the eastern states 
during September, 1931. Both Dictyostelium and Polysphondyhum 
were identified in, and isolated from a considerable number of these 
samples. Table 1 best shows the diverse types of samples studied, 
the substrata upon which the two genera were found and the place of 
collection. 

In the course of other studies, samples of cultivated field soils from 
a number of western states were collected by this laboratory during 
the fall of 1930. They were air dried when collected and remained in 
this condition in the laboratory. Almost a year later, in September 
and October, 1931, some of these soils were plated on mannite agar in 


' Mannite agar plates to which sterile rat dung is added liefore the agar solidifies. 
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the usual way, incubated at 18-20"C. for three weeks, and studied for 
presence of these organisms. Dtctyosteltum appeared in many of the 
plates. The results obtained are given according to states. Dictyo- 
stelium developed in four of ten samples from Utah, in three of seven 
from Nebraska, in four of ten from North Dakota, in two of six from 
Colorado; while it was not found in the three samples from Iowa. 
All of these western soils were definitely alkaline, some even as much 
as pH 8.40, whereas the eastern soils .studied were all more or less 
acid. 

The finding of Didyostelium in so many of these soils was especially 
interesting as showing that members of this genus arc not uncommon 
in cultivated fields in the plains area but normally constitute a part of 
the micropopulation. It indicates that members of the genus are 


TABLE 1 


No 

Cicniu Found 

Notiirv uf Sampl* 

DiU'o of cnJIuetion 

T4 

Diotyosteliutn 

Polyspliondylium 

Kotting wood 

Staunton, Va 

T6 

Polyspliondylium 

Forest soil iind humus 

Clifton Forge, \u 

TIO 

Dictyoatehum 

Forest soil 

Johnson City, Tluu 

T20 

Dictyostelium 

Phosphatir soil, flpld 

Id'xington, Ky 

T28 

Dictyostolium 

Decomposing Ipuvcs, hard- 
wood forest 

North Vernon, Ind 

TW 

Dictyostelium 

Forest leaves 

.Heottsliiirg, Ind 

T.17 

Polyspliondylium 

0(‘eaying holly leaves 

I.«uimrdtown, Md 

T30 

Pol ysphon dyl lum 

Pine necilles 

Leuniirdtow n, Md 

T41 

Polysphouilyliiim 

Soil underlying pine needles 

Leonurdtown, Md 

176B 

Dictyosti-lium 

Leaf mould layer, hardwood 
forest 

Plamsville, N \ 


widely distributed as sod organisms, presenting much the same picture 
in these soils as in soils collected in and around Washington, D. (!. 
It showed clearly that Didyostelium can retam its viability in spite 
of prolonged dcssication, cither as spores or encysted myxoamoebae, 
microcysts. 

Until recently these organisms were reported and considered prim- 
arily as coprophilous species, which might occasionally be found 
growing upon decaying vegetation. That view is no longer tenable in 
view of the studies made by Krzemieniewski (4) who found Didyo- 
stelmm mucoroides in almost all soils examined, and Polysphondylnim 
violaceum, though rarely, in uncultivated soils. Similarly, Harper 
(3) isolated Polyspliondylium molaceum from sod in the parka of New 
York City. 'J'his paper extends these American observations to 
apply to wide areas. 
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In our studies, species have not been accurately determined, but all 
cultures of Dictyostelium isolated, with two exceptions, appear to 
belong to the single species D. mucoroides. Polysphmdyliim vio- 
laceum is the only species of that genus isolated. 

CONCLUSION 

Attention is therefore called to species of these genera as con- 
stituting a part of the normal microflora of soils and decaying vegeta- 
tion. They should be taken into account in any soil population 
studies. Although the forms thus far recognized do not account for 
all of the amoeboid forms found in soil and decaying vegetation of 
various kinds, they undoubtedly, as shown here, do account for many. 
Improved culture methods may enable us to identify still more of the 
“soil amoebae” as belonging in* the slime mold group. 
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SCIENTIFIC^ NOTES AND NEWS 
Du 1’ W Stanton has been appointed Chief Ocologist of the U. S 
Geological Survey, effective February 1 

Col. C. H BiunsEVK has been reinstated m the U. S. Geological Survey os a 
principal engineer and entered upon that duty February 1 . Ho will serve for 
the present ns consultant to the engineering branches and the Director. 

Announcement has been received from the permanent committee of the 
International Congress of Zoology that in accnnloncc with the resolution 
voted by the 11th Congress at Padua in September, 1930, and after obtaming 
consent from the Portuguese authorities, the 12th International Congress will 
be held at Lisbon during the summer of 1935, under the presidency of Dr. 
Arthuu R. Johoe, Professor in the University of Lisbon and Director of the 
Mustie Bocage. 

Db. F H H Roberts, Jr , archaeologist in the Bureau of American 
Kthnology, has been detailed to the Carnegie Institution of Washington to 
serve as consultmg archoeologiBt in connection with the Carnegie’s excavations 
at Chichen Itza. Doitor Roberts sailed from Now York on February 2, 
and will not return until after the first of March. 
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Introduction 

The researches earned out by Jones and hu collaborators m the 
Chemical Laboratory of the Johns Hopkins Umversity over a penod 
of years and reported m vanous papers * developed several independent 
lines of evidence each of which pomted to the existence of hydrates m 
aqueous solutions These researches may be said to constitute one of 
the fundamental bases of a relationship which m subsequent years 
has become widely recognized as an mtunate one At the present 
tune the vahdity of a relationship between solute ions and their 
solvent 18 scarcely to be questioned 
The relationship between solute ions and solvent appears to be one 
of attraction somewhat comparable with that charactenzmg many 
slectrolytes ciystallizmg out of saturated solutions under certain con 
ditions to form hydrated crystals In the latter instance however a 
iefinite and usually mtegral number of water molecules is recognized as 
ncorporated with each salt molecule The relationship in both oases 
IS termed hydration but our knowledge of the specific molecular values 
involved m solutions is not sufficient to permit any precise evaluation 
orresponding with the use of the term as apphed to crystals 
As a matter of fact we can find httle sati^action m our knowledge 
)f the hydration of solute ions We may observe that the velocity 
>f a solute ion is not what we had expected it would be — and may say 
lihat the ion is hydrated We maj note that a solute ion does not 
‘ Reomred December 18 1931 

* Amer Ohem Joum SB 89 1900 SI 303 1904 SS 884 1906 87 126 1907 Carn 
[nat Wash Pub 60 80 1907 190 1913 aad othera 
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depress the solubility of gasM to the extent anticipated,— and may aay 
that the ion is hydmted. We may find other real or applet inoon- 
sistenoies, — and attribute the results to the hydration ol tbe ions. In 
resorting to the generalisation we may oft^ be correct, — but our 
explanation can scarcely become productive until our information is 
sufiScient to permit mathematical expression. 

Following a study of the hydration of ions over a period of several 
years, the writer has become convinced that a better understanding of 
this subject holds much of promise for the establishment of a more 
satisfactory interpretation of various inter-related solution phenomena. 
In outlining some of the reasons for such a conviction as a possible 
contribution to the subject it will be necessary to make two simple 
assumptions at the outset. These are (1) an inverse integral relar 
tionship between the anhydrous weight of a solute ion and the degree 
of its hydration, and (2) an orderly change in weight accompanying 
ionisation. There are obvious objections to both these assumptions, 
and the objections may be sustained throughout the inquiry. Never- 
theless, some of the suggested relationships which appear to follow the 
assumptions are of more than passing interest. A number of such 
relationships touching upon the characteristics of the solute ions of the 
lighter elements will be considered in this paper. 

Elbctrical Conductivity as an Index of Velocity and Hydration 

FoUowing the first assumption we may examine the observed elec- 
trical conductivities of simple solute element ions of the lighter ele- 
ments and obtain the order of hydration indicated by the relative 
velocities of the ions. With univalent ions such as Na+ and K''' the 
conductivities and velocities may be considered to be of the same order, 
and through the extension of Graham's Law the relative velocity 
values of the ions Na+ and K-*- (as derived from observed measurements 
of conductivity through the use of transference data) become indices 
of relative hydration. The assumption of hydration on an inverse 
integral basis requires that a succession of wei^t values be char- 
acterized by regular intervals. Such a requisite regularity does not 
characterize the observed combining weights of the lighter elements, 
but is found in their atomic numbers. These numbers may be 
brought to the O - 16 scale by doubling, in which case a tentative 
series of regular weight values is attained as a basis upon which to 
project an assumed inverse integral hydration. The following con- 
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doctanoe values for the ions Na+and K+ at IS^C. are given by Nemst.-* 
K+ - 66.3, Na''' i- 44.4. These values, considered as relative 
velocities, permit the assumption of an inverse integral hydration only 
when the weight 38, representing potassium, has four water molecules 
attached, and the weight 22, representing sodium, has twelve water 
molecules attached. The weight, hydration and velocity values which 


TABLE 1.— WnaHT, HriULATioit and Vilocitt Valuds Calcdlatbd fob tbb Liqhtbb 
ElZMBNTB THBOUaR AN EXTBNSION OF GaS LaWS IN RELATION TO 
ObBBBVBD ElBCTRICAL CoNDUCriVlTUS 
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thus develop for the lighter elements from the assumed inverse integral 
relationship in conjunction with observed electrical conductivities are 
brought tofi^ther in Table 1. 

In Table 1 the first column gives the atomic number of the element, 
the second column gives the chemical symbol of the element, and the 
third column gives the atomic number transposed to the familiar 0 16 

• Citation on page 177 in Baylisa, W. M. Principlet of General Phytiology. 1915. 
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scale as an expression of weight. The fourth column gives the recip- 
rocals of the square-roots of these weight values, multiplied by 10‘ 
for convenience in manipulation. These reciprocal values represent 
theoretical relative velocities as derived through the extension of 
Graham’s Law under an assumption of no hydration, and on this 
account they have been designated as Vi values. The fifth colunm 
gives the numbers of water molecules which must be postulated as 
characterizing hydration when an inverse integral relationship between 
weight and hydration is associated with the observed relative con- 
ductances of potassium and sodium considered as of weight 38 and 22 
respectively. The sixth column gives the weight of these water 
molecules, and the seventh column the total weight of the elements 
represented as so hydrated. The eighth column gives the reciprocals 
of the square-roots of these ‘‘hydrated weight” values, multiplied by 
1(H for convenience in manipulation. The values of the eighth column 
represent the theoretical velocities under the indicated hydration as 
derived through the extension of Graham’s Law, and have been 
designated as Vt values. 

The series as above tabulated comprises the elements of the first 
quarter of the periodic system, — a unique division. These elements 
are hereinafter arbitrarily termed the lighter elements as distinguished 
from the remaining heavier elements of the periodic system. 

We may study the possible usefulness of Table 1 by using the second 
assumption of the paper in connection with it, — namely, the assump- 
tion that a regular change in w'eight accompanies ionization. Under 
such an assumption the most natural increment of change is that 
which would be effected by the gain or loss of a unit electrical charge on 
the nucleus of on atom, by virtue of which the weight characteristic 
represented in column three of Table 1 would be subject to unit change. 
There are objections to the assumption of a change in weight as an 
accompaniment of ionization. These objections do not appear to be 
as serious at present as they would have been before the advent of an 
electrical interpretation of matter and a knowledge of the modifications 
characterizing radioactive elements. Nevertheless, the objections 
to the second assumption may be sustained throughout the inquiry, — 
notwithstanding which it will be of interest to examine some of the 
relationships which appear to follow the assumption. 

With specific reference to the potassium and sodium ions, K+ and 
Na+, it follows from the above assumption that the regular weight 
values assigned to the elements, potassium (38) and sodium (22), in 
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the consideration of their hydration as indicated by relative velocity 
now become subject to further description as relative weights of the 
un-ionized or “neutral*’ elements. These weights as assigned to 
potassium and sodium further become subject to unit modification for 
unit charge characterizing the ionized state, and since the potassium 
and sodium ions being considered have a single positive charge each, 
it follows that the weights of the so-called “neutral” elements would 
advance one step upon becoming so ionized. The weight values 
representing the potassium and sodium ions thus become K+ 40 
and Na+ * 24, and the hydration characterizing these ions as derived 
from Table 1 is now to be noted as 3 HiO with K+ instead of 4 HtO 
and 11 HiO with Na+ instead of 12 HtO, the values 4 H|0 and 12 HgO 
still representing the indicated degree of hydration characterizing ions 
of wei^t 38 and 22 respectively. We now have the K and Na ions 
with weights modified from the regular values tentatively assigned as 
prerequisites of an inverse integral hydration relationship and sub- 
sequently described as the relative weights of the im-ionized or 
“neutral” atoms. These modified weights may be further designated 
as the relative weights of the anhydrous ions, or as “ionic” weights. 
If the anhydrous ions thus characterized by weight hydrate to the 
degree corresponding to such a weight, as derived from obser\'ed 
conductivities and indicated in Table 1, it follows that we are now in a 
position to study the relationship which would have to follow such a 
hydration system. On the other hand, if the anhydrous ions thus 
characterized by weight do not hydrate at all, but remain as un- 
hydrated solute ions, it follows that we are also in a position to study 
the relationships which would ha\c to follow that system. In other 
words, although we are interesting oureelves primarily in a hydration 
relationship, we are nevertheless in a strategic position to note an 
absence of hydration, should any solute ions appear from other con- 
siderations to be so characterized. 

Before taking up the examination of observed measurements in 
relation to the two fundamental assumptions of this paper and to the 
hydration system embodied in Table 1 it may be to our advantage to 
recapitulate with respect to the use of the word “weight.” Our first 
assumption of an inverse integral hydration required a regular system 
of weight values. Since the observed combining weights did not afford 
such a system the atomic numbers were doubled to obtain a tentative 
series of weight values later designated as the relative weights of the 
un-ionized or "neutral” atoms. Our second assumption of an orderly 
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change in wei^t accompanying icmization gave us new values dee* 
ignated as relative weights of the ions, or “ionic” wei^ts. It is to 
be noted that neither the weights of the “neutral” atoms nor the 
weights of the ions correspond to the wei^ts characterising the atoms 
in combination and commonly designated as the combining weiid^ts 
of the atoms, or more simply, the atomic weights. The possible 
interrelations of the three designations of weight will be considered at a 
subsequent point. 

We may now turn our attention to the study of the possible use- 
fulness of Table 1 in the prediction of solution characteristics. It 
immediately becomes evident that in the event the indicated numbers 
of water molecules combine with the respective element-ions to form 
hydrated ions, the transfer of such water from the solvent to the 
solute must profoimdly influence the concentration of ions thus 
hydrated. Jones and his co-workers recognized this fact, but they 
were without a tentative basis for evaluating the extent of the in- 
fluence. Table 1 affords such a basis. 

The molecular weight values of the hydrated ions of the lighter 
elements may be readily derived from column seven of Table 1. For 
example, the molecular weight of the ion K''* when hydrated may be 
derived as follows: 

K - 38, K+ - 38 -H 2 - 40, K+ hydrated - K+ + 3 H,0 - K+ -|- 
(3 X 18) - 94 

From the summation weights of the ions characterizing a solution 
of any electrolyte comprising such ions, the extent of the influence of 
the assumed hydration may be mathematically calculated. For 
example, the relative amounts of solvent and solute characterizing a 
1.0 molecular solution of KCl would be derived as follows: 

K - 38, K+ - 40, K+ hydrated - K+ (40 gms.) -I- 3 H|0 (54 
gms.) - hydrated K+, 94 gms. 

Cl - 34, Cl- - 32, Cl- hydrated - Cl" (32 gms.) + 7 H,0 
(126 gms.) o hydrated C1-, 158 gms. 

94 gms. hydrated K+ -f 158 gms. hydrated Cl- - 252 gms. solute. 

In a solution 1.0 molecular made up to 1000 grams, the amount of 
solvent present would be calculated as 1000 — 252 - 748 gms., or 
74.8% of the amoimt present at “zero” concentration of solute. 
In a solution 1.0 molecular mode up to a liter with observed combining 
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weif^ts the concentration 'would be 1.035 on the above basis by 
virtue of an observed weight of 74.553 as compared with a calculation 
weight of 72. Moreover, the total weight of solution under the 
observed conditions would not be 1000 grams, since the density of 
the solution is not that of the solvent. Yet a relationship between 
combining weights and the assumed weights for "neutral” and "ion- 
ised” atoms can not be considered in this paper without involving 
argument in digression. Furthermore, in some electrical conductivi- 
ties of concentrated solutions as observed by various investigators 
the values have been transposed from a volume to a weight basis 
through "corrections. Under the circumstances in a reconnaissance 
survey of certain relationships which appear to follow our initial 
assumptions we may disregard the factors which differentiate the two 
bases, and entertain a degree of tolerance for approximate agreements. 

Through the use of Table 1, then, we have calculated that at 1.0 
molecular concentration a solution of KCl contains 74.8% of the 
weight of solvent which characterize it at "zero” concentration. The 
observed specific molecular conductivities of KCl at "zero” and 1.0 
molecular concentrations, IS^C., as given by Noyes and Falk,* are 
130.0 and 96.5 respectively. The relative specific molecular conduc- 
tivity is thus 96.5 + 130.0 - .742, or 74.2%. 

The obvious suggestion following the order of agreement noted 
is that the decrease in specific molecular conductivity with concentra- 
tion, which is quite generally interpretiKl as indicating incomplete 
dissociation of the electrolyte, may in reality be an index of the 
relative weight of solvent present in a solution of a completely ionized 
electrolyte. 

Yet with respect to observed conductivity measurements such an 
inteipretation leads to the inference that the values for concentration, 
ranging from 1.0 molecular to "zero” molecular, for example, would 
involve the use of varying bases. If such should prove to ^ the case 
the order of relative specific molecular conductivities of various electro- 
lytes comprising ions of the lighter elements should be predictable 
from the summations of velocities as given in Table 1, through modifi- 
cation to the extent indicated by the summations of weight values 
(also given in Table 1) in relation to the amount of solvent present. 
Thus, the amount of solvent characterizing a 1.0 molecular solution of 
KCl was calculated above from Table 1, as 74.8%. The summation 

« For example, eee Noyei and Falk Jouia Amer. Chem Soc , S4: 4M, 1912. 

' Previous citation. 
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of the velocity values corresponding to the molecular weights of the 
hydrated ions E and Cl may be derived from Table 1, column 8, as 
follows: 

K - 38, K+ - 40, K+ hydrated -40+3 H,0, V, = 1031 
Cl - 34, Cl- - 32, Cl- hydrated -32+7 H,0, V, - 796 

SiuWation - 1827 

If, now, we represent the specific molecular conductivity of KCl 
at “zero” concentration by the summation velocity value 18^, at 1.0 
molecular concentration the apparent relative velocity value may be 
calculated as 74.8% of 1827, or 1367, since the transfer of water from 
solvent to solute imder the assumed inverse integral hydration system 
would reduce the apparent concentration of solvent, as previously 
noted. 

We may now examine a group of electrolytes involving ions of the 
lighter elements with respect to the above suggestions and the assumed 
interrelations of weight, hydration and velocity embodied in Table 1. 
To facilitate such an examination the respective data are brought 
together in Table 2. 

In Table 2, the electroljies in the respective series are arranged in 
the order of the increasing atomic weight of the variant ion, as indicated 
in the second column. In such series the assumption of an inverse 
integral relationship between weight and hydration would yield 
relative velocities of an order increasing with weight as calculated 


* Observed values may involve neight-normal or volume-normal solutions The 
observed values cited for LiCl, NaCl and KF involved no “correction” to lueight- 
normal basis, and calculations are, therefore, made to correspond with the observed 
volume-normal basis. The other observed values involve “corrections” to the a eight- 
normal basis. All observed values in the first senes are at 0°C , and in second series 
at IS’C., except as otherwise noted. 

' LiCI, Jones and Getman, Ztschr. phys Chem 40, 1003, p 262, 1 67 m - 42 28, 
.88 m - 38 68, by interpolation 1 0 mol - 36 507; NaCl, Int Cnt Tables, Vol VI, p. 

233, 1 0 mol 47 6; MgCli, Jones, Corn Inst Wash Pub 180, p 06, 0416 m - 00 31; 

AlCli same p. 78, 1.0 mol. - 61.03; KCl, same p 10, 1 05 mol - 06 7; CaCl, same, 
p. 10, 1 0 mol. — 76 6; KF, Noyes and Falk, J A Chem Soc 34, 1012, p 403, 1 0 mol 
- 76 06; KCl, same, p 463, 1 Omol - 08 22 

' Additional values as follows. LiCl, Washburn, J A Chem Soc 33, 1011, p. 1474, 
“xero” cone. - 60.3; NaCl, Kohlrausch and Holborn, LeitvermOgen der Elektrolyte, 1808, 
p. 168 [18°C. ], 1 0 mol - 74 4, 0001 mol. - 100 7, MgCl,, Jones, Cam Inst Wash Pub. 
180, p. 06, “xero” cone ■■ 123 96, AlCli, same, p 78, “xero" cone - 170; KCl, Noyes 

and Falk [18"C.], J. A Chem Soc 34, 1912, p 401, “xero” cone - 130 0, p. 462, 1.0 

mol. cono. — 00 6; CaClt, Jones, Cam Inst. Wash Pub. 180, p 63, “zero” cone. — 
123.40; KF, Noyes and Falk, J. Am Chem Soo 34, 1012, p 401, "zero” conr. - 111 2. 
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from Table 1 and given in the ninth column. The observed velocities 
as inferred from the relative unit specific molecular conductivities given 
in the tenth colunm are to be noted as of corresponding order. On the 
other hand, the specific hydration values derived from the above 
assumption as related to the observed relative ion conductance of the 
Na and K ions yield an entirely random series of values for the amount 
of solvent characterising 1.0 molecular solutions of the reqiective 
electrolytes as derived in the fifth and sixth columns and given in 
the seventh column. The observed relative specific molecular con- 
ductivities at 1.0 molecular concentration given in the twelfth column 
are to be noted as of a corresponding order. In the last four columns 
of Table 2 we have, therefore, a double-checldng series of comparisons 
relating the values of Table 1 to observed measurements. On the 
one hand relative velocities predicted upon the assumed hydration 
through the extension of Graham’s Law are to be noted as in subetan- 
tial agreement with observed relative conductivities. On the other 
hand, the changes in concentration of solvent which would be antic- 
ipated from the assumed hydration are to be noted as in agreement 
with the observed apparent modifications of specific molecular con- 
ductivities. These interlocking series of comparisons involving two 
aspects of solution phenomena as measured by electrical conductivity 
thus appear to be characterized by agreements beyond the possibility 
of mere accident. 

In the third column of Table 2, it may be noted that assumed 
combining weights are given in parentheses below the assumed 
weights of the anhydrous ions. These combining weights are inter- 
mediate between the respective ’’neutral” and ’’ionic” weights pre- 
viously discussed, and mathematically represent the sharing of 
electrons in chemical combination, considered from the standpoint 
of weight-change as an accompaniment of ionization. For example, 
if the element sodium represented as Na is assigned a weight of 22 in 
the im-ioni^ or ’’neutral” state, and a weight of 24 following the 
loss of an ditetron to become positively ionized as Na^, then when it 
shares a single electron in combination, its combining weight quite 
naturally may be assucned as the intermediate value, or 23. The 
values thereby attained as combining weights for such ions as Li-’-, 
Na-’- and K-’- do not depart appreciably from observed values, but 
since the corresponding values for many other ions are at variance with 
observed values the matter of combining weights of the lighter ele- 
ments requires particular consideration in relation to the assumptions 
regarding hydration and weight change. If we are to make the two 
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initial awumptions of this paper it appears incumbent upon us to 
eventuiJly define combining weight and relate it to a substantial group 
of obeerv^ measurements. At tiiis time, however, the matter of the 
hydration of the ions mtist take precedence, and their combining 
weights must remaip parenthetical 

We may now continue the inquiry through an examination of the 
measurements of other phases of solution phenomena. 

Fbbdzino-Point Dkpression as an Index or Hydration in the 
Lighter Element Ions 

The work of Raoult* established an importance for the freezing- 
point depression of a solvent effected by a solute, and in subsequent 
years the measurement has become important in the determination 
of the molecular weights of dissolved non-eiectrolytes, in the measure- 
ment of osmotic pressure of both electrolytes and non-electrolytes and 
in the measurement of the electrolytic dissociation of electrolytes. 
As related to each of these applications the usefulness of the measure- 
ment appears to be largely restricted to dilute solutions. As related 
to osmotic pressure the measurement has attained importance through 
analogy, following the demonstration of a direct proportionality 
between freezing-point lowering and osmotic pressure. As related 
to the electrolytic dissociation of electrolytes the measurement attained 
importance through inference, following the interpretation of the 
decrease in specific molecular conductivity with increase in concentra- 
tion as an index of incomplete dissociation. 

Yet in the foregoing section observed electrical conductivity values 
for solutions involving ions of the lighter elements were noted as 
corresponding with hydration, weight and velocity values predictable 
from Table 1. The apparent decrease in observ^ specific molecular 
electrical conductivity with increase in concentration was suggested 
as associated with unevaluated changes in concentration caused by 
the hydration of the ions. The “true” specific molecular conductivity 
was thus indicated as a constant, whereupon complete ionization at 
all concentrations became characteristic of all solutions under the 
initial assumptions of the paper. It will be of interest to study the 
freezing-point depression of electrolytes involving the lighter element- 
ions with respect to the considerations embodied in Table 1. 

In dilute solutions the depression of the freezing-point of the solvent 
by the solute is considered proportional to the number of molecules 
or ions of solute present. 

• Ann. Chem. Phjn. 18 : 137, 1883; 8, 66, 1884. 
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We may now examine some observed freesing-point depressions with 
particular reference to the familiar relationship underlying the inter- 
pretation of freezing-point data, namely, that the gram molecular 
weight of a non-ionizing solute added to 1000 gms. of water reduces 
the freezing-point by This relationship is considered as 

subject to direct modification through ionization, a solute giving rise 
to two ions, as KCl, effecting a reduction of 2 X 1.86°C., or 3.72°C. 
and a solute giving rise to three ions, as CaClt, effecting a reduction 
of 3 X l-SO^C., or 5.58®C. The degree of agreement between the 
values postulated under such a relationship and the observed values is 
commonly interpreted as a measure of dissociation. Yet under the 
assumptions of this paper electrical conductivities suggest complete 
ionization at concentrations up to 1.0 molecular KCl or its ionic 
equivalent. 


TWO-ION ELECTROLYTES 

Lithium Chloride, LiCl: The following observed values for the 
freezing-point depression of this electrolyte may be cited 1.0 mol. 
- 3.80®; .7939 mol. * 2.945®; .6012 mol. = 1.81®; .2474 - 0.86®. 
The summation weight representing the hydrated solute LiCl at 1.0 
mol. concentration as derived from Table 1 is 508, and the propor- 
tionate values of the above concentrations may be calculated as 
follows: 1.0 mol. - 1 X 508 - 508; .7939 mol. - .7939 X 508 - 
403.5; .5012 mol. - .5012 X 508 = 254.7; .2474 mol. - .2474 X 508 
= 125.8. The observed freezing-point depressions are plotted against 
these proportionate values in the graph shown in Figure 1 and con- 
nected by a heavy line. For comparison we may venture to indicate 
the freezing-point depression of LiCl when the complete ionization 
suggested by electrical conductivity measurements is assumed. This 
depression would be 2 X 1.86°C. (unit molecular depression), or 3.72®C. 
for a summation weight of an electrolyte forming two ions. The 
weight value, 508, represents the amount of solute at 1.0 molecular 
concentration. The values are represented in the graph shown in 
Figure 1 as a broken line. 

Sodium Chloride, NaCl. The following observed values for the 
freezing-point depression of this electrolyte may be cited." 1.0 mol. =■ 
3.37®; .700 mol. - 2.4®; .4293 mol. = 1.447®; .2325 mol. - .796®. 

‘^lOmol from Int Cnt Tables, 4 : 258. Other values from page 227 in Smithsonian 
Tables, 6th Edition, 1914 

“10 mol. from Int. Grit. Tables, 4 : 258. Other values from page 227 in Smithsonian 
Tables, 6th Edition, 1014 
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The summation weight representing the hydrated solute, NaCl, at 
1.0 mol. concentration as derived from Table 1 is 380, and the propor- 
tionate valure of the above concentrations may be calculated as 
follows: 1.0 mol. - 1 X 380 - 380; .700 mol. - .700 X 380 - 266; 
.4293 mol. - .4293 X 380 - 163.2;. 2325 mol. - .2326 X 380 - 88.4. 
The observed freezing-point depressions are plotted against these 
proportionate values in the graph shown in Figure 1 and connected 
by a heavy line. The calculated depression for the ionization Na+ 



Fig 1 ObMFved and caloulatnd freeiing-point deprewioos for Bome two-ion eleo 
trolyteg. 

and Cl~ would be 2 X 1.86‘’C., or 3.72®C. for a sununation weight 
of 380, representing the amount of solute present at 1.0 molecular 
concentration. The values are represented in the graph shown in 
Figure 2 as a broken line. 

Potassium Chloride, KCl. The following observed values for the 
freezing-point depression of this electrolyte may be cited:'* 1.0 mol. - 
3.268°; .476 mol. - 1.605; .3139 mol. = 1.07. The summation weight 
representing the hydrated solute KCl at 1.0 mol. concentration as 
derived from Table 1 is 252, and the proportionate values of the 
above concentrations may be calculated as follows: 1.0 mol. » 1 X 
262 - 252; .476 mol. - .476 X 252 = 120; .3139 mol. - .3139 X 

u Sfflithaoniui Tablea, 6th Edition, p 227, 1914 
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252 - 79.2. The obeerved freeemg-point depreeiunis m plotted 
against these proportionate values in the graph diown in Figure 1 
and connected by a heavy line. The calculated depression fw the 
ionisation K+ and Cl- would be 2 X 1.86*C., or 3.72*C. for a sununfr- 
tion weight of 252, representing the amount oS solute present at 1.0 
molecular concentration. The values are represented in the graph 
shown in Figure 1 as a dotted line. 

The comparisons set forth in the graph shown in Figure 1 indicate 
only a general order of agreement, yet they appear to warrant the 



Fig 2. Observed and calculated freexing-point depressions for some three-ion elec- 
trolytes. 

consideration of other electrolytes at corresponding ionic con- 
centrations. 


THREE-ION ELECTROLTTEB 

Magnesium Chloride, MgCl,. The following observed values for 
the freezing-point depression of this electrolyte may be cited.** .65 
mol. - 3.854; .45 mol. - 2.537; .35 mol. - 1.910; .25 mol. - 1.306. 
The summation weight representing the hydrated solute MgCli at 
1.0 molecular concentration as derived from Table 1 is 506, and the 
proportionate valu^ of the above concentrations may be calculated 

*• Jones, H. C. Cam. Inst. Wash. Pub. 180 : 28, 1018. 
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MfoUowi: .66 mol - .66 X 606 - 329; .46 mol - .46 X 606 - 228; 
.86 mol - .36 X 6M - 177; .26 mol - .26 X 606 - 126.6. The 
observed freecing-pomt depr^ons are plotted against these propor- 
tionate values in the graph shown in Figure 2 and connected by a 
heavy line. At .666 mol. concentration, equi-ionio with 1.0 molecular 
KCl, the calculated freezmg-point depression would be | X 3 X 
1.86‘tU. - 3.72“C., for a summation weight of .666 X 606, or 337. 
These values are represented in the graph as a broken line. 

Calcium Chloride, CaCU. The following observed values for the 
freesing-point depression of this electrolyte may be cited;** .65 mol. - 
3.65°; .45 mol » 2.35°; .35 mol - 1.801°. The summation weight 
representing the hydrated solute, CaClt, at 1.0 molecular concentrar 
tion as derived from Table 1 is 378, and the proportionate values of the 
above concentrations may be calculated as follows: .65 mol - .65 X 
378 - 245.8; .45 mol. - .45 X 378 - 170; .35 mol. « .35 X 378 - 
132.3. The observed freezing-point depressions are plotted against 
these proportionate values in ^e graph in Figure 2 and connected 
by a heavy line. At .666 mol. concentration the suggested freezing- 
point depression would be f X 3 X 1.86°C., or 3.72°C., for a sum- 
mation weight of .606 X 378, or 252. These values are represented 
in the graph shown in Figure 2 as a broken line. 

FOUR-ION BLECTROLTTB 

Aluminum Chloride, AlClv The following observed values for the 
freezing-point depression of this electrolyte may be cited ** .50 mol. 
- 3.9446°; .4 mol. = 2.910; .25 mol. - 1.6604°; .2 mol. - 1.279. 
The summation weight representing the hydrated solute AlCli at 
1.0 molecular concentration as derived from Table 1 is 632, and the 
proportionate values of the above concentrations may be calculated 
as follows: .60 mol. - .50 X 632 - 316; ,4 mol. - .4 X 632 - 252.8; 
.25 mol. - .25 X 632 - 158; .2 mol. = .2 X 632 = 126.4. The 
observed freezing-point depressions are plotted against these propor- 
tionate values in the graph shown in Figure 3 and connected by a 
heavy line. At .50 molecular concentration, equi-ionio with 1.0 
molecular KCl, the calculated freezing-point depression would be 
} X 4 X 1.86°C., or 3.72°, for a summation weight of J X 632, or 316. 
These values are represented in the same graph as a dotted line 
The order of agreement to be noted in the foregoing graphs indicates 

MJonea, H C. Cam Inst Waah Pub 180 . 22, 1013 
u JonM, H C. Caro. Inat Waah Pub 180 : 78, 46, 1013. 
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that the suggestion of complete ionization at concentrations as great as 
1.0 molecular, a suggestion arising from a consideration of electrical 
conductivity measurements, is not without support in the data of 
freezing-point determinations. It is readily apparent that at the lower 
concentrations shown in the graphs the observed freezing-point de- 
pressions are less than the calculated values. These differences are 
substantially off-set when the concentrations of the observed values 
are recalculated on the weight-normal basis used in apportioning the 
relative amounts of solute and solvent. It is further apparent from 
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Fig. 3. Observed and calculated freezing-point depressions for a four-ion electrolyte 


these graphs, moreover, that at concentrations approaching one 
molecular (for KCl type), or its ionic equivalent, the olwrved freezing- 
point depressions of such electrolytes as LiCl, MgCli and AlCla 
are greater than those anticipated under the calculated straight-line 
relationship. These electrolytes are indicated in Table 2 as being 
characterized by the greater degree of hydration, suggested as a 
significant factor in the more concentrated solutions. It appears to 
be of interest, therefore, to examine the freezing-point measurement 
to the point of solidification of the solution. 

A series of freezing-point measurements of solutions of CaCU at 
various concentrations approaching the point at which the solution 
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solidifies are available from Jones,'* and on this account this electrolyte 
will be examined in some detail with respect to hydration. 

As derived from Table 1 the anhydrous calcium ion, Ca++, has a 
weight of 44 (suggesting thereby a combining weight of 42), with a 
hydration of one water molecule, by virtue of which hydration the 
hydrated ion has a weight of 62. Similarly, the anhydrous chlorine 
ion, C1-, has a weight of 32 (suggesting thereby a combining weight of 
33) with a hydration of seven water molecules, the weight of the 
hydrated ion being 168. On such a basis, therefore, the summation 
weights associated with CaCU are as follows; anhydrous state, Ca++ 
“ 44, Cl" “ 32, Cl- - 32, total - 108; hydrated state, Ca++ - 62, 
Cl- -= 158, Cl- “ 158, total = 378. We may now calculate a series 
of characteristics for solutions of CaCl* at various concentrations on 
the foregoing basis. Taking 1000 grams of solution as a concentration 
standard, we may calculate the expected saturation point as follows: 
1000 + 378 - 2.645. At 2.645 molecular on the weight basis the 
solution should be saturated, and when concentration is expressed 
as a weight of electrolyte added to 1000 gms. of water, (which is the 
basis of concentration used in freezing-point depression studies), and 
the observed weight of CaCl* is taken as 111, the 2.645 molecular 
value becomes 3.605 molecular, or 400 grams CaCl» added to 1000 
gms. HiO. The expected depression of the freezing-point at 2.645 
molecular, assuming complete ionization, may be calculated as follows: 
2.645 X 3 X 1.86° = 14.76°. But whereas at zero concentration of 
solute there are 1000 grams of free solvent and anhydrous solute 
present, at 2.645 molecular concentration of solute there is no free 
solvent present and 286 gms. of solute. If the freezing-point depres- 
sion is assumed to have been influenced by this change, the extent of 
the influence becomes measurable by simple division, in which the 
relative amount of solvent and anhydrous solute is expressed as a 
fraction. Thus 14.76° .286 » 51.6°. On such a basis, there- 

fore, we may calculate the expected additional depression of the 
freezing-point attributable to the transfer of water from solvent to 
solute under the assumed hydration. A series of values for CaCU 
at various concentrations has been calculated and incorporated in 
Table 3, wherein is also cited a series of corresponding values from 
observed freezing-point depressions at various concentrations as 
obtained by Jones. 


>• Jones, H C. Csrn Inst Wash Pub UO: IS, 1913. 
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We may now plot the values ci Table 3 relating to proportion of 
solute and freesing-point depression. In the graph in Figure 4 
calculated values appear represented by heavy lines. The straight 
line is derived from column four of the calculated series, and is an 
expression of the relationship fundamental to th» interpretation of 
freesing-point depression — 1.86°C. depression for each gram ion 

TABLE 8.— Data or Calcvlatbo and Obsbrvbd Fbuiino-point Dbpbumon in 
Rslation to an Abstiiiiid Htdration 
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present — although the concentration basis has been modified from "a 
weight of electrolyte added to 1000 gms. water” to “a weight of 
electrolyte in 1000 gms. solution.” This fundamental relationship 
thus involves the number of ions present, and in so doing further 
involves the implication that all solute ions are of the same size — an 
implication which also follows from the extension of the gas laws in 
relation to velocity as interpreted through observed electrical con- 
ductivities. The curved line derived from column eight of the same 
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series is an expression of the modification of the straight-line relation- 
ship which mii^t be anticipated as a result of the assumed hydration. 
In other words, under the assumed hydration each molecule of CaCU 
removes fifteen water molecules of solvent, and the imevaluated con- 
centration thereby brought about gives an apparent falling-off in 
freesing-point depression represented by the departure of the curved 
line from the straight line. 

We may now examine the values for freezing-point depression as 
derived from column nine of the observed series and represented by a 
dotted line curve in the graph. 
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Fi(. 4 . Observed and calculated freesing-point depressions for aqueous solutions 
of CaCli at all concentrations. 


The agreement between the observed and calculated values as 
represented respectively by the dotted and full cur\'ed lines appears 
to be beyond the possibility of accident. The calculated point at 
which the mixture of CaClt and water becomes 100% hydrated 
CaClt (— 61.6“C.) corresponds with the observed cryohydric or 
eutectic point for CaCli in water,” which agreement further sub- 
stantiates the specific hydration assumed. It is of interest to note 
also that the concentration indicated by the depression 51.6° is 0.25 
mol. (51.6 + 5.58 - 9.25). This concentration has the same rela- 
” Int. Grit. Table*, 4 : 267, give* -61 *C 




116 JOURNAL or TBB WARHINaTON ACADSUY OF BCIBNCBS VOL. 22, NO. 5 


tionship to the concentration of hydrated solute, 2.646 moL, as does 
the initial weight of solvent (1000) to the final weight of aaohydrous 
solute at saturation (286). Since the molecular weight of CaCli is 
involved in the foregoing relationships it is obvious that these freezing- 
point depression measurements may serve as indices of the weights of 
calcium and chlorine, the assumed weights being at variance with those 
commonly observed. As previously noted the matter of combining 
weight can not be considered in this paper. 

Hie order of agreements above noted with respect to the depression 
of the freezing-point appears to be in support of the initial assumptions 
of this paper and the considerations developed through a study of 
electrical conductivity in relation to them. They appear sufiicient, 
moreover, to warrant a more extended consideration of freezing-point 
measurements of concentrated solutions, but further studies can not 
be given space here. 

BOIUNG-POINT ELEVATION AS AN INDB.X OF HYDRATION IN THE LIGHTER 
ELEMENT IONS 

The elevation of the boiling-point of any solvent by a solute is 
commonly considered as proportional to the number of molecules of 
solute present in a given weiglit of a solvent. For example, a molecular 
weight of a solute in grams when added to a liter of water in general 
raises the boiling-point 0.52“C.,— provided there is no ionization. An 
increase in the ob^rved elevation over the expected one is interpreted 
as an index of ionization. 

In the foregoing considerations of electrical conductivity and 
freezing-pomt depression in relation to an assumed hydration and 
change in weight, complete ionization of such electrolytes of KCl, 
LiCl, CaCli, etc., has been suggested at all concentrations. Con- 
sequently on the above basis we would expect that a gram-molecular- 
weight of KCl, for example, dissolved in a liter of water, would raise 
the boiling point twice tiie unit molecular amount, or 1.04®C. Simi- 
larly we would expect that a three-ion electrolyte, as CaCU, would 
raise the boiling-point 3 X .62°, or 1.66°, while AlCli as a four-ion 
electrolyte would raise the boiling-point 2.08°C. 

On the foregoing bases we may compare the calculated and observed 
elevations of the boiling-point characterizing solutions of electrolytes 
involving ions of the lighter elements as follows •“ 

“ ReferencM for observed values KCl, NaCl, Jablcsydaki and Kon, Jour Chem 
Soc , London US: 20A3, 1023 CaCli, Baker and Waite, Chem and Metallurgical 
Engineenng S6: 1174, 1^1. Mg Cli, KaUenberg, L., Jour of Physical Chem. 6: 366, 
1001 Li Cl, Blitz, Zeit fur physik. Cbemie, 40 ; 208, 1002. 



flint: hydration of solute ions 


117 


TWO-ION ELECTROLYTES 

Calculated KCl: Assuming for an approximation that one mole in 
1000 parts by weight effects a unit elevation of .52°C., we have KCl, 
K+ - 40, mol. wt. hyd. - 94, Cl* - 32, mol. wt. hyd. = 158, 94 -f- 
158 - 262, total mol. wt. 2 ions, 2 X .52“ - 1.04°; Observed KCl 
.8842 m. - .824“, .8842 X 252 - 223. Calculated NaCl: Na+ - 24, 
mol. wt. hyd. - 222, Cl- - 32, mol. wt. hyd. - 158, 222 + 158 - 
380, total mol. wt. 2 ions, 2 X .52“ = 1.04“, Observed NaCl: .9208 m. 
“ .888“, .9208 X 380 = 3.50. Calculated LiCl’. Li+ = 8, mol. wt. 



Fig 6 Observed and calculated elevations of the boiling-point for some two-io 
electrolytes. 


hyd. « 360, Cl- = 32, mol. wt. hyd. = 158, 350 -I- 158 - 508, total 
mol. wt. hyd. 2 ions, 2 X .62“ = 1.04“, Observed LiCl: 1.05 m. LiCl 
gives an elevation of the boiling point of 1.063“C. Observed Weight 
LiCl = 42.48, Calculated Weight = 40, 42.48 40 = 1.062, 1.062 X 

1.05 - 1.115, 1.115 X 508 - 666. 

THREE-ION ELECTROLYTES 

Calculated CaCU: Ca++ = 44, mol. wt. hyd. = 62, Cl- - 32, mol. 
wt. hyd. - 158, Cl- - 32, mol. wt. hyd. - 158, 62 -f- 168 -|- 158 - 
378, total mol. wt. 3 ions, 3 X .52“ -> 1.56“. Observed CaCU : 10 gms. 
CaCl* added to 100 gms. H/}, gives boiling point of 101.3“C. Same 
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as 100 gms. added to 1 liter HtO, 100 + 1100 * .091 or 91 parts per 
thousand. 91 + 108 (theo. mol. wt. anhydrous CaCli) - 318. 
Elevation effected: 1.3"C. Calculated MgClt'. Mg++ - 28, moL wt. 
hyd. - 190, Cl- - 32, mol. wt. l^d. - 168, Cl- - 32, mol. wt. hyd. 
- 158, 100 + 158 + 168 - 506, total mol. wt. 3 ions, 3 X .62^ - 
1.56°. Observed MgClt. 9.156 gms. added to 100 gms. water raised 
boiling point 1.361°C. Equivalent to 91.56 gms. added to 1000 gms. 
water. 91.56 : 1091.56 :: x : 1000, x - 73.9 (equivalent to 83.9 
gms. per 1000 gms. solution), 83.9 + 92 (mol. wt. anhydrous MgCU) 



- .912, .912 X 606 (mol. wt. hyd. MgCl,) - 461.5, relative wt. of 
hydrated solute. 


FOUR-ION EILECTBOLTTBS 

Calculated AlClt: A1+++ » 32, mol. wt. hyd. - 158, Cl- - 32, mol. 
wt. hyd. - 158, Cl" - 32, mol. wt. hyd. - 158, Cl- « 32, mol. wt. 
hyd. - 158, 158 (A1+++) + 168 (C1-) + 158 (C1-) + 168 (Q-) - 
632, 4 ions, 4 X .52° - 2.08°. Observed AlClt’. Corresponding 
observed values are not readily available at this writing. 

An examination of the graphs in Figures 5 and 6 indicates that the 
calculated and observed values are in substantial agreement, and the 
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boiling-point measurements to the extent of the agreements thus 
become subject to interpretation as indicating complete ionisation at 
all concentrations. The data thus appear to support the suggestions 
of electrical conductivity and freesing-point depression in this regard. 

With the addition of more and more solute to a solvent the boiling- 
point is raised higher and higher. The ratios of solvent to solute 
brought about by such concentrations suggest that the assmned 
attraction of the solute for the solvent is gradually offset through the 
elevation of the temperature. In any case the measurement of 
boiling-point elevation at high concentrations becomes of interest in 
relation to the initial assumptions of this paper, but such data are not 
readily available at present. Until such measurements become 
available the elevation of the boiling-point appears to be a measure- 
ment which can supply only indirect evidence for hydration. 

Summary 

In the foregoing pages an inquiiy has been made into the hydration 
of the solute ions of the lighter elements. Two initial assumptions 
were made (1) an inverse integral relationship between the anhydrous 
weight of a solute ion and the degree of its hydration and (2) an 
orderly change in weight accompanying ionization. Many observed 
measurements, involving electrical conductivity, freezing-point de- 
pression and boiling-point elevation have been noted as subject to a 
imiform interpretation on the basis of these assiunptions. The order 
of agreement attained appears to warrant the extension of the inquiry 
to other ions, — a study which will be reported in a subsequent paper. 

PALEOBOTANY . — A aterculuiceous fruit from the lower Eocene (/) 
of Colorado^ Edward W. Berry, Johns Hopkins University. 

A imique fossil fruit, which was sent to me for determination some 
months ago by Professor R. D. George of the University of Colorado, 
is sufficiently characteristic and important to be placed on record. 
It seems to be definitely referable to the family Sterculiaceae, which 
family is abundantly represented by a variety of foliar remains 
throughout the Upper Cretaceous and early Tertiary, but which 
becomes restricted to the warmer and more humid regions of lower 
latitudes after the early Tertiary. 

The limited amount of carpological material of recent members of 
the Sterculiaceae or of allied families of the order Malvales has pre- 


* Received JenuAry 19| 1032. 
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vented me from finding an exact living representative of the fossil 
assuming that there is such a representative, and I have therefore been 
constrained to refer it to the form genus Sterculiocarjnu. This genus 
was proposed by me* in 1916 for fruits belonging to the family Ster> 
culiaceae, but with unknown or uncertain existing representatives. 
Two species, Sterculiocarpua eocenicus* and Stereuliocarpiu tetand- 
loides,* were described, and a third species, Sterculiocarpua aphericua, 
was described* in 1630. These were ^ from the lower Eocene Wilcox 
group and clearly represented three distinct types which it is difiUcult 
to imagine could have come within the limits of a single natural genus. 



1 2 

Figs 1, 2 — Slcrculiocarpm coloradentit, natural size 


The only other pertinent reference in the literature is a paper by 
Viguier* describing the remarkable flowers and fruits from the lower 
Eocene travertine of S<izanne in France, which are definitely referable 
to the tribe Lasiopetaleae of this family, and for which the genus 
Sezanella, with two species was erected. 

The present specimen may be described as follows: 

Sterculiocarpus coloradensis n. sp. 

Figs. 1, 2. 

The single specimen consists of a limomte replacement, whether secondary 
after siderite, directly from hgmte, or a cavity fillmg is unknown, of a large 

• Edward W. Berry. U 8 Geol. Survey Prof. Paper 91: 287. 1916. 

•Idem 288, pi 74, figa 1-3 

*Idm- 288, pi 72, figs 4-6 

• E W Berry. U S Geol. Survey Prof. Paper IM: 109, pi. 25, fig 19; pi 48, flga. 
9-14. 1930. 

• R. ViouiBR Revue g6n4r. bot. 90: 6-13, text fig 1-6, pi. 5. 1908. 
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Biriieroidal oapsule. One longitudinal half is nearly complete and there are 
parts of nearly all of the base of the opposite side. 

Form prolate spheroidal, somewhat more fully rounded pronmad than 
distad. Length about 6.25 centimeters. Equatorial diameter about 4 
centimeters in the plane of flattenmg and 3 centimeters in the plane at right 
angles to it. Surface with 10 fairly prominent lonptudinal ndges, cqu^ly 
alternating with 10 sulcae. The latter may be a living feature but have the 
wpearanoe of representing lines of dehiscence of a tardily dehiscent capsule. 
Ine surface is minutely ornamented with fine transverse, subparallel, inoscu- 
lating, impressed Imes, which may be a natural feature, or merely result 
from the manner of fossilization. Exposed inner faces in the radial planes 
of the surface sulcae show similar markings, and these are the basis for con- 
sidering the capsule to have been septicidal. 

The capsule is divided into 10 compartments and appears to have been 
ligneous in life. It is possible that the longitudinal ridges of the outer surface 
represent the exterior edra of the compartment walls, in which case the dehis- 
cence was loculicidal. l^e first of these alternatives seems the more probable. 
It is also possible that these ndges represent the position of panetal placentae, 
but it seems more likely that the plaeentation was axile. I surmise this from 
rather obscure internal markings which may represent the impression scars 
of seeds. No structural features other than those mentioned are discernable. 

An undeformed equatorial cross section is shown in fig 2 and 1 have 
indicated on this the alternative interpretations at S (septicidal) and L 
(loculicidal). 

The single specimen is the property of Cecil Shelton of Kutch, Colorado, 
and it came from the valley of Big Sandy Creek in Sec. 5, T 11 S., R. 60 W., 
6th piincipial meridian. The country rock here is Laramie, near the Laramie- 
Dawson contact. Tertiary rocks of Miooene-Pliocene age border the val- 
ley on both the north and south sides within a couple of miles. It seems 
probable that the fossil is of Dawson age, although this is subject to the un- 
certainty attending the discovery of an entirely new type. An early Eocene 
age is assigned to the Dawson. 

The only comparable carpological remains, which have already been 
mentioned (ante) come from the lower Eocene of the Mississippi Gulf embay- 
ment, and from the lower Eocene of France, but the weight of this is somewhat 
discounted by the fact that leaves of vanous types of Sterouhaceae are com- 
mon as early as the base of the Upper Cretaceous in this general region, 
where they disappear after Eocene time. The present specimen, although 
differing in size and external form, agrees with Sezanella in having ten com- 
partments, septicidal dehiscence, and axile placentae 

PROCEEDINGS OF THE ACADEMY AND AFFILIATED 
SOCIETIES 

THE ACADEMY 
244tu meeting 

The 244th meeting of the Academy was held in the Auditorium of the 
Interior Department Building, on Wednesday, December 9, 1931. Presideilt 
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N. A. Cobb called the meetmg to order at 8; 15 and introduoed the speaks 
of the evening, Dr. E. G. Conklin, ProfeBBor of Zoology, PrinoetiHi Uni- 
versity, who delivered an illustrated address on FifnesB and pwrpoae in the 
living world. About 270 persons were present. 

245th Mbetinq 

The 245th meeting of the Academy was a joint meeting with the Geo- 
logical Society of Washin^n, held in the Auditorium of the Interior Depart- 
ment Building, on Tuesday, January 12, 1032. 160 persons were present. 
Vice-President H. L. Cubtis called the meeting to order at 8:16 and intro- 
duoed Dr. F. E. MATTHiis who presented Professor F. A. Vbnino MBlomas 
of the University of Utrecht, member of the Netherlands Geodetic Com- 
missioiL who delivered an address on Gravity reeulte of aiibmarine eoepeditione 
in the Eaet and Weal Indiea and their relation to tectonic phenomena. Doctor 
Vkninq Meiness has developed a new and accurate method for measuring 
gravity at sea. During the past decade he has travelled 50,000 miles in 
submarines and has occupied many hundreds of gravity stations at sea. 
His work is of great importance to g^esy and to our knowledge of isostasy, 
tectonics, and the shape of the earth. 

After a brief intermission the address was followed by the 34th annual 
meeting of the Academy, which was called to order by Vice-President H. L. 
CxniTis. 

The report of the last annual meeting was read by the Recording Secretary 
and approved. The report of the Corresponding ^retary, Paul E. Howe, 
show^ the membership of the Academy on January 1, 1^2, to consist of 
16 honorary members, 3 patrons, and 639 members, one of whom was a life 
member; a total of 687, of whom 384 reside in or near the Distnct of Columbia, 
28 in foreign countries, and 175 in other parts of the continental United 
States. The members of the Academy stood m respect to the memo^ of 
those who had died during the year: Edwabo Goodbich Acheson, New 
York Cit^ July 6, 1931 ; Henby Mabc Ain, Ottawa, Canada, January 4, 
1931; J. W. Gidlet, Washington, September 26, 1931; Alfbeo Judson 
Henby, Washington, October 5, 1931; Howard L. Hodokinb, Washington, 
February 13, 1931; Gborqb Mabtin Kobbb, Washington, May 24, 1913; 
Russell A. Oakley, Washington, August 6, 1931; L. H. Pammel, Ames, 
Iowa; Henby Mabtin Paul, Washington, March 16, 1931 ; R. A. F. Penbose, 
Jb., Philadelphia, Pa., July 30, 1931. Honorary Members: F. Wiooles- 
WOBTU Clabkb, Washington, May 23, 1931; Raoul Gautieb, Switzerland, 
April 9, 1931, David Stabb Jobdan, Stanford University, SeptemW 19, 1931. 

The report of the Recording Secretary showed 8 scientific meetings during 
the year of which three were joint meetings. The meetings and abstracts 
of the addresses given at these meetings, have been filed and published in the 
Journal of the Acaden^. The report was approved. 

The report of the Treasurer, H. G. Avbbs, showed 16,712.14 to be ac- 
counted for with disbursements of 14,843.45 and a bank balance of |1,8M.69 
on December 31, 1931. Assets were listed as $23,074.12. 

The report of the Auditors consisting of approval of the report of the 
Treasurer, was read and both reports were acorated and filed. 

The Senior Editor of the Journal, C. Wythe (jookb. submitted the follow- 
ing record of the twenty-first year of publication of tne Journal: 

Volume 21 consists of 552 pages, containing 41 papers by members and 
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30 oommunlcated papers, and being illustrated by 14 halftones and 47 line 
engravings. Relative to the number of pa^ occupied by them these papers 
were distributed as follows: 6 mathematical or physioal papers, 32.8; 5 papers 
on chemistry, physical chemistry, or crystallography, 35.6; 14 papers on 
MphysicB, geology, paleontology, or paleobotany, 101.1; 18 papers on 
botanv, 108.5; 35 loologiGal papers, totaling, 140.6; 3 papers on archeology, 
ethnology, or necrology, 11.0. 

This report was approved. 

Mr. O. H. OiSH, chairman of the Teller's Committee, reported 270 bal- 
lots counted. The following officers were elected: L. H. Adams, President; 
W. F. EiCHBLBERaEB and W. H. WnJssB, Non-rendent Viee-PrestdenU; 
Paul E. Howe, Corraponding Secretary; Chablbs Thom, Recording Secre- 
tary; H. G. Avebs, Treaturer; C. Wythe Cooks and J. A. Flemino, Man- 
agers for the term of three years ending January, 1035. 

The Corresponding Secretarjr reported the following members as nominated 
for Viee-Prendenls by the affiliate societies. Upon motion the Secretary 
was directed to oast one ballot for the election of the list as read: Anthropo- 
logieai, Mr. N. M. Judd;‘ Archaeological, Dr. Waltbb Hough; Badenolom^, 
Dr. L. A. Rogebs; RtofogtcoZ, Mr. H. H. T. Jackson; Botanical, Dr. H. B. 
Humphbby; Chemical, Dr. Edwabd Wichbbs; Electrical Engineers, Dr. 
Eugene C. Cbutenden; Engineers, Prof. O. B. Fbbnch; Entomological, 
Dr. Habold Mobbibon; Foresters, Dr. F. C. Cbaighsad; Geographic, Dr. 
F. V. CovnxE; Geological, Mr. O. E. Meinseb; HelminthdlogiccU, Dr. G. 
Steineb; Hutancalf Mr. Allen Clabk; Mechanical Engineers, Dr. H. L. 
Wbittbmobb; Medical, Dr. Henby C. Macatbe; Milita^ Engineers, Col. 
C. H. BiBDSEYa; Philosophical, Dr. H. L. Cubtis. 

Past President Humphreys was delegated to escort President L. H. Adams 
to the chair. President Adams addrea^ the Academy briefly and deolured 
the meeting adjourned at 9:55 P.M. 

CuABLES Thom, Recording Secretary. 

Recently Elected to Membership in the Washington Academy of 
Sciences 

honobary member 

Sir Jambs Hopwood Jeans has been made an Honorary Member m recog- 
nition of his contributions to the dynamical theory of gases, to oosmo^ny, 
and to astrophysios. His brilliant applications of mathematical physics to 
the problems of astronomy have made him one of the leaders m the recent 
neat advance in that sdence. Among his important publications are the 
^owiiw books: The Dynamical Theory of Gases, Problems in Cosmogony and 
Stellar Dynamics, and Astronomy and Cosmogony. He is a Research Asso- 
ciate of the Carnegie Institution of Wasbmgton. 


UEMBERS 

Dr. Frederick Sumner Brackett, director of the Division of Radiation 
and Organisms, of the Smithsonian Institution. Dr. Brackett is well known 
for his investigations in spectroscopy, including the development of thermo- 
piles, and for bis researdies on plants and radiation, the results of which 
nave been published in various journals. 


> Elected by Board of Managen. 
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Dr. Robbbt Huucan Booon. reflear^ direotor, Portlaod Oaooent AflM)d»p 
tton FellowBhip at the Bureau of Standards. Dr. Bogus was footed to mem- 
berehlp in retognition of hia oontributiona to oolloid chemistry and to the 
phyjd<^ diemls&y of silioatee. He is the author of numerous p^wrs on these 
Bubjeots. 

Prof. Oakes Ames, Professor of Botany. Supervisor of Biological Laboratory 
and Botanical Garden (Cuba), Arnold Arboretum and Botanical Museum, 
Harvard. Prof. Anbb was elected to membership in recognition of his con- 
tributions to s}rstematio orohidology. He is the preeminent authority in this 
large and exceedingly difficult group of plants. 

Dr. Thomas Babboub, director. Museum of Comparative Zool^. Dr. 
Babbouk was elected to membership in recognition of his contributions to 
herpetok^ and ornithology. 

Dr. Johannes Hadeln Broun, Research Associate at the Bureau of Stand- 
ards. Dr. Bbuun was elected to membership in recognition of his work on 
the separation and identification of the constituents of petroleum, the results 
of which have been published in various journals. 

Charles Allen Cary, Ph3rBiologioal Chemist, Research Laboratories, 
Bureau of Dairy Industry. Mr. Cary was elected to membership in recog- 
nition of his contributions to the knowled^ of nutrition and particularly tbs 
protein metabolism of milking cows. He is the author of numerous papers on 
these subjects. 

Henry B. Collins, Jr., Assistant Curator, Division of Ethnology, U. S. 
National Museum. His election to membet^p was in recognition of his 
archeological researches in the southeastern section of the United States and 
in Alaska, and his contributions to physical anthropology. 


Dr. James Fitton Couch, Chemist, Bureau of Animal Industry. Dr. 
Couch was elected to membership in recogmtion of his work on the active 



Dr. Carl S. Cbaooe, Physioist, bureau of Standards. Dr. Craoos 
was elected to membership in reco^tion of his work on the thermodynamic 
properties of ammonia and of petroleum products. 

Dr. Leon Francis Curtiss, Physicist, Bureau of Standards. Dr. Curtiss 
was elected to membership in recognition of his mvestigations in radioactivity 
and cosmic radiation. 

Dr. Francis Marion DEVANDORr, Physicist, Bureau of Standards. Dr. 
DsEANDcmF was elected to member^p in recognition of his contributions 
to the science of electrical measurements, particulariy in the field of high 
voltage. 

Herbert N. Eaton, Acting Chief of the hydraulic laboratory, Bureau of 
Standards. Mr. Eaton was elected to membership in recognition of his work 
in aeronautics and hydraulics. He has written numerous artldes on aero- 
nautic instruments. 
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BOTANY . — The genua Sanchezia in Peru.^ E. C. Leonard, U. S. 

National Museum. (Communicated by E. P. Killip). 

The genus Sanchezia, belonging to the family Acanthaceae, consists 
mainly of shrubs having large, firm, subentire leaves, which are either 
bright green or, in a few species, conspicuously variegated along the 
main veins. The flowers, arranged in spikes or panicles, have tubular, 
small-lobed, red, yellow, or purple corollas. Inserted at the base of 
the corollas are two pairs of stamens, one pair long and usually ex- 
serted, the other shorter and sterile (staminodes). Floral bracts are 
present in all the species. In some they are small and inconspicuous, 
but in others they are large and bright red or yellow, llie brilliant 
color of the inflorescence as a whole, in contrast to the bright green of 
the leaves, adds greatly to the attractiveness and beauty of these 
plants. They grow wild in the wet forest regions of the northern 
Andes, but being easily adaptable to cultivation they have been carried 
to widely separated countries, where, either as greenhouse plants or 
escapes, they readily flourish. I have examined such collections from 
Costa Rica, Cuba, Java, and Amboina. 

Since the publication of an earlier paper* on Sanchezia, a large num- 
ber of Peruvian specimens have been submitted to me for identifica- 
tion, among these nine undcscribed species. It seems well worth 
while, therefore, to bring together in a single paper descriptions of all 
the Peruvian species (21) now known. The recent material has been 
obtained largely through the collecting of E. P. Killip and A. C. 
Smith, Llewelyn WilHams, and Guillermo Klug. Further explora- 
tion will doubtless bring to light many additional species in t^ in- 
teresting and complex group. 

‘ PabUahed by permloaion of the Secretary of the Smltheonisii Institution. Beoeived 
Jetmary ;>2, 1932. 

* E. C. Leonard, NoUa on the geniu Sancheiia. This Journal, 16: 484-462. 1926. _ 
125 



126 JOURKAIi or THB WABHOTOTON ACADXMT OF BCtBNCM VOL. 22, NO. 6 


KIT TO THE PianVIAN SPICIBB 

Ca^ lobes lanceolate, slender-aouminate. 

Bracts 6.5 to 7 cm. long 1. S. fil«motttost. 

Bracts 2 cm. long or less. 

Sterile bracts 1 to 1.5 cm. long, 4 to 5 mm. wide; corolla puberuloit. 

2. S. wUlUmBiL 

Sterile bracts 4 to 5 mm. long, 1 to 2 mm. wide; corolla glabrous. 

Lca! blades large, up to 26 cm. long and 12 cm. wide, glabrous; stamin* 

odes 2.5 cm. long, pilose 3. S. orTMpala. 

Leaf blades smaller, up to 11 cm. long and 3.6 cm. wide; staminodes 

1.8 cm. long or less, glabrous 4. S. spnicaL 

Calyx lobes oblong, acute to rounded. 

Bracts small, shorter than the calyx (sometimes exceeding the calyx in 
no. 6). 

Inflorescence of 1 or more slender unilateral spikes (imperfectly uni> 
lat^ in no. 5). 

Leaves elliptic, abruptly narrowed at base, 1«8 than twice as long as 

broad; bracts 3 to 6 mm. long 5. S. sylveBtrlB. 

Leaves oblong-elliptic, gradually narrowed to base, more than twice 
as long as broad; bracts 8 to 25 mm. long. 

Bracts acuminate, 1.6 to 2.5 cm. long, often equaling or exceeding 

the calyx 6. S. rosM. 

Bracts obtuse or acute, 1.5 cm. long or lees, much shorter than the 
calyx. 

Corolla pubescent; calyx segments 1.7 to 2 cm. long; bracts 

fibrous 7. S. branthlfolk. 

Corolla glabrous; calyx segments 1.4 to 1.6 cm. long; bracts 

puberment 8. S. tigrina. 

Inflorescence compact, not unilateral. 

Leaves rounded or obtuse at base; flowers sessile in the axils of the 

bracts 9. S. conferta. 

Leaves acute at base; flowers crowded at the ends of the peduncles. 

10. S. capitata. 

Bracts large, longer than the calyx and concealing it 

Leaves pubearant 11. S. ovata. 

Leaves g^brous. 

Bracts connate at least to middle. 

Lateral nerves 15 to 17 to a tide; corolla lobes 5 mm. long. 

12. S. (^thlbracteata. 

Lateral nerves 9 to 12 to a tide; corolla lobes 3 mm. long. 

13. S. pennellU. 

Bracts not connate. 

Corolla manifestly pubescent. 

Bracts and bracUets pubescent; corolla 4 cm. long or less. 

14. S. obtonga. 

Bracts and leaflets g^brous; corolla 6 to 6 cm. long. 

15. S. macbrldeL 

Corolla i^abroua, or with a few hairs near the tip of the lobes. 

Leaves gradu^y narrowed into winged petioles. 

Corolla red; staminodes about 3 mm. long, g^brous above. 

16. 8. pemvlaiu. 
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Corolla yellow; staminodes about 2 om. long, pilose above. 

17. S. flavA. 

Leaves plainly differentiated into leaf blade and petiole. 

Corolla red. 

Leaf blades entire or undulate; atanainodes averaging 10 mm. 
long 18. S. rubriflora. 

Leaf blades coarsely crenate-dentate; staminodes averaging 
4 mm. long 19. S. pulchra. 

Corolla yellow. 

Leaf blades ovate, obtuse or rounded at base; mflorescenco 
capitate or a short congested spike; staminodes glabrous 
or spanngly pubescent above . . . . 20. S. stenant^. 

Leaf bl^ea oblong, elliptic, or oblong-obovato, narrowed 
at base; inflorescence spicate; staminodes pilose above. 

21. S. killipU. 

1. Sanchezla fllamentosa Lmdau, Bull Herb Bois. II. 4: 314. 1004. 

Stem subquadrangular, pubescent; petioles 3 to 7 cm. long, pubescent; 
leaf blades ovate, up to 30 cm. long, 12 cm. wide, obliquely acuminate at 
apex, slightly narrowed at base, the nerves and muhib pubescent, the 0 }n 9 to- 
liths 0.5 mm. long; inflorescence a terminal panicle, the branches unilateral, 
the bracts opposite, one sterile the other subten^ng 2 to 4 flowers; bracts 
and bractlets up to 7 cm. long, 3 to 5 mm wide at base, produced into a 
long slender tip; calyx segments Imear-lanceolate, 3.5 to 6 cm. long, 3 to 4 
mm. wide at base, pubescent; coroUa purple, 4 5 cm. long, pubescent toward 
tip, the lobes 3.5 mm. in diameter; stamens and staminodes pubescent at 
bam, pilose above, the staminodes about 2 cm. long, slender and narrowly 
capitate. 

Type collected near Pongo do Cainarachi, Department of Loreto, Peru, 
by E. Ule (no. 0401). 

No material is available for my examination and the alxive descnption 
baa been compiled from the original. This species should bo easily recog- 
nised by its extremely long slender bracts and calyx segments. 


2. Sanchezla wilUanudi Leonard, sp. nov. 

Frutex, ramis gracilibus subtetragonis glabris vel pubesccntibus; foliis 
elhpticis vel leviter obovatis basi acutis vel brevitcr in petiolum decurrentibus, 
apice acuminatis, margine integemmis vel undulatis, glabns, nervis fiilvo- 
pilosis exceptis, oystohtbis conspicuis; spica mterrupta; bracteis lonceolatis 
pubescentibus dense cihatis; bracteohs anguste lanceolatis; calycis laciniis 
an^te lanceolatis; corolla rubra pubcmla 

Shrub; stem slender, quadrangular with rounded angles, glabrous or 
slightly pubescent at the nodes; petioles 2 to 4 cm long, channeled, glabrous, 
or pube^nt above; leaf blades elliptic or slightly obovate, up to 16 cm. long, 
6.5 cm. wide, acuminate at apex, acute at base and subdecurrent on the 
petioles, entire or undulate, glabrous except the nerves and midrib, these 
prominent and pilose with yellowish-brown ascending or spreading hairs 
0 5 nun. long, the cystoliths 0.25 to 0.5 mm. long, prominent and numerous 
on upper surface, less so on lower, crowded and partulel on nerves and midrib; 
inflorescence an interrupted spike 10 to 22 cm. long, the lowermost iutcr- 
node about 5 cm. long, the others successively shorter toward the summit, 
all pubescent with ascending hairs up to 1 mm. long; bracts lanceolate, 10 
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to 15 (occasionally 20) nun. long, 3 to 5 mm. wide (bract subtending the 
flowers slightly larger than the opposite sterile one), acute or aouminAte at 
apex, pubracent with ascending hairs, densely oiliate, the cystolitbs prominent 
and crowded; flowers one to several, crowds on a ehort p^uncle 1 to 5 mm. 
long; bractlets linear-lanceolate, otherwise similar to the bracts; calyx 2 to 
2.8 cm. long, the segments linear-lanceolate, 2 to 3 mm. wide, sparingly 
pubescent without, densely so within, the hairs ascending; corolla (immature) 
red (?), puberulent, the lobes 2 mm. long, 1 5 mm. wide, shallowly emarginate; 
filaments glabrous; staminodes 3 mm long (?); style 4 cm. long, glabrous. 

Type in the U. S. National Herbarium, no. 1,444,810, collected at San 
Roque, Department of San Martin, Peru, altitude 1,360 to 1,600 meters, 
January or February, 1930, by Llewelyn Williams (no. 7701). Williams’ 
no. 7215 from the same locality also belongs to this species. 

This is closely related to S oxysepala, but can be distinguished readily 
by its simple spike, its denser pubescence, and its larger bracts (10 to 15 mm. 
long). In S. oxyaepala the spikes are sparingly branched at the base and the 
bracts arc 8 mm. long or less 

3 Sanchezia oxysepala Mildbr. Notizbl Bot Gart Berlin 0: 983. 1926. 

Stem quadrangular, glabrous; petioles 2 to 5 cm long; leaf blades elliptic- 
ovate, up to 25 cm. long, 12 cm. wide, acuminate, repand-dentate, glabrous; 
inflorescence terminal, of one to several unilateral spikes, bracts opposite, 
those subtending the flowers 6 to 7 mm long, the stcnle one much smaller; 
bractlets 8 mm. long, 2 mm. wide; sepals linear-subulate, 2.5 to 3 cm. long, 
2 5 mm wide, corolla 5 cm. long, the lobes 5 to 6 mm long, 4 mm wide; stamens 
oxserted, pilose; staminodes 2 5 cm. long, capitate, pilose 
Typo odllectcd at mouth of Rfo Santiago, Department of Loreto, Peru, 
by G Tessmann (no, 3874a) Photograph m the U. S. National Herbarium 
and m the herbarium of the New York Botanical Garden, 

No actual specimens have been seen by the wnter. 

4, Sanchezia sprucei Lindau, Bull Herb Boisa 5: 648. 1897. 

Stem terete, pubescent; petioles 6 to 12 min. long, pubescent; leaf blades 
elliptic, up to 11 cm. long, 4 5 cm. wide, acute at apex and base, sparingly 
pdose, the cystohths prominent, inflorescence tennmal, of one or more inter- 
rupted spikes; bracts (one subtending the flower, the opposite one stenle) 
ovate, 7 to 13 min. long, 2 to 5 min wide, acuminate, pilose; bractlets lanceo- 
late, 1.3 cm. long, 4 mm wide; calyx segments 2 to 2 2 cm long, 3.5 to 4.5 
mm. wide, the margin pilose and subhyalinc; corolla 3.8 cm. long, Q mm wide 
at middle, the lol^ 3 mm. in diameter, stamens exserted, the filaments 
sparingly pilose; anthers 4 mm long, staminodes 1 5 to 1 8 cm. long, glabrous; 
style 4.5 cm long; stigma 4 mm. long; capsule 1.6 cm. long, 8-sc^ed 
Tyj» collected near Tarapoto, Peru, by R Spruce (no 4325) Type 
collection in the Gray Herbarium; photograph m the U. S. National Her- 
barium. 

Near S oxyaepala, but distinguished from that species by the smaller leaves, 
pubescent stems, and the shorter glabrous staminodes. 

5 Sanchezia lylvestrU Leonard, sp. nov. 

Frutex, ramis subtetragonis glabns; folds elliptiois vel oblongo-ellipticis 
basi obtusis apioe abrupte breviterquo acuminatis glabns, margine sinuate- 



MARCH 10, 1032 LEONARD: THE GENUS 8ANCHEZ1A IN PERU 120 

dentato; infloresoentia teminali poniculata; bracteis uppoaitis ovatis acutis 
subtUiter ciliatis; bracteolis ovatis obtusis parce pubenilis oiliatis; calycia 
ladniis oblongia pauUum inaequalibus; corolla pimioea glabra, lobis ciliatis 
exoeptis; filamentls parce pilosis; stammodiis b^i tomentosis apicc (^Rbris. 

Shrub 1 meter high; stem quadrangular with rounded angles, glabrous; 
petioles 2 to 3 cm. loi^, glabrous; leaf blades elliptic to oblong-elliptic, up to 
17 cm. long, 10 cm. wide, abruptly narrowed to a slender tip, obtuse at base, 
shallowly sinuate-dentate, glabrous, the upper surface marked with numer- 
ous, very minute, papillate projections, the cystolitbs rather numerous and 
prominent, closely pardlel on the nerves and niidnb; mflorescence a termmal 
panicle about 20 cm. long, composed of slender unilateral spikes; bracts 
opposite (one subtending a flower, the other sterile), ovate, 3 to 6 mm. long, 

1 to 2 mm. wide, acute, minutely abate; bractlets ovate, 4 to 5 mm. long, 
3 mm wide, obtuse, spanngly puberulent and ciholate; calyx segments oblong, 
slightly unequal, 9 to 10 mm long, 2 to 3 mm. wide, obtuse and apiculate 
at apex, glabrous or inconspicuously and spanngly puberulent, furfuraceoua 
toward tip, oiliolatc, corolla 4 cm. long, pink, glabrous (except the finely 
oiliate lobes), 3 mm. broad at base, 7 to 8 mm. broad at throat, the lob« 
3 mm. long, 2 5 mtri. wide, einorginate; stamens 3 5 to 4 cm. long, the fila- 
ments flat and sparingly pilose, the anthere 5 mm. long, staminodes 1.5 cm. 
long, 0.5 mm. brood at base, flat and lomcntose toward base, the upper portion 
glabrous, very slender and narrowly spntulate at tip, style 4 to 5 cm long, 
^brous; capsule 1.2 cm. long, 3 mm. broad, glabrous, or with a few appressed 
hairs near the tip. 

Type m the U. S. National Herbarium, no 1,401,741, collected in dense 
forest between Yurimoguas and Balsapuerto, Department of Loreto, Peru, 
altitude 135 to 150 meters, August 20, 1920, by E P. KiUip and A. C. Smith 
(no. 28093). Klug’s 1053, collected m the IKo Putumayo forest, is also of 
this spcacs. 

Sanehezia sylvedrts is readily distinguished by its minute bracts, which 
are seldom more than 5 mm. long In all other Peruvian species the bracts 
are 10 mm. long or more. 

6 Sanehezia rosea Leonard, sp nov. 

Frutex, ramis subtetragonis glabns; foUis oblongo-cllipticis glabris, apice 
acummatis basi acutis, marginc leviter crenato-dentato ; spica subumlaterali; 
bracteis ovato-lanccolatis glabns vel subtiliter ciliatis, bracteolis oblongo- 
ovatis glabris; calycis laciniis oblongis apice rotumlatis et mucronulatis; 
corolla lutea ^abro, lobis parce cihatis cxccptis, stominodiis basi tomentosis 
apice pilosis. 

Low shrub; stem quadrangular with rounded angles, glabrous; petioles 

2 to 4 cm. long, glabrous; leaf blades oblong-elliptic, up to 24 cm long, 9 cm. 
wide, acuminate at apex, acute at base, shallowly crenate-dentate except 
the basal third (here entire), (dabrous, the upper surface bearing mmute 
papillate projections but those less numerous and conspicuous than m iS 
gylvettria, the cystoliths 0.6 mm. long; inflorescence spicate, imperfectly uni- 
lateral: bracts opposite (one subtending a sessile cluster of several flowers, 
the other slightly smaller, sterile, or subtendmg a single flower), ovate- 
lanceolate, 1.0 to 2 5 cm. long, 0 to 11 mm. wide near base, gradually narrowed 
to a slender tip, glabrous or mmutely ciliate, the cystoliths parallel and rather 
prominent; bractlets oblong-ovatc to oblong, 6 to 10 mm long, 2 to 5 mm. 
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wide, {^brous; calyx segments oblong, equal or nearly so, 1.5 to 1.8 om. 
long, 2 to 4 mm. wide, rounded and muoronulate at apex, oonspiouously 
pub^lent and oiliate at tip, otherwise ^brous, the oystoUths minute and 
parallel; corolla light red, fibrous without except for a few scattered hairs 
on the margin of the lobes, glabrous within except for a white tomentum 
about the insertion of the stamens, 4 to 5 om. long, 3 mm. broad at base, 

1 cm. broad at throat, slightly constricted at mouth, the lobes 3 mm. long, 

2 mm. wide, rounded and emarginate at apex; stamens exserted about 6 mm., 
the filaments sparingly pilose, the anthers 6 mm. long; stamlnodes 1.8 cm. 
long, ending m a flat spatulate tip 0 76 mm. wide, white-tomentose at base, 
otherwise pilose with spreading hairs 1 to 2.5 mm. long; style slightly exceed- 
ing the stamens. 

Typo in the U S. National Herbarium, no. 1,461,696, collected in woods 
along the lower Rio Huallaga, Yurim^as, Department of Loreto, Peru, 
altitude about 135 meters, August 25, 1^, by E. P. Killip and A. C. Smith 
(no. 28040). 

Saneheeta rosea is related to S. iigrina, from which it differs mainly in its 
thinner leaf blades, longer bracts, and pilose staminodes. Although it agrees 
with S loranlhifolta in having pilose stammodes, it does not possess the 
puberulent corolla and firm dark leaf blades of that species. 

7. Sanchezla loranthifoiia Lmdau, Bull. Herb. Boiss. II. 4: 314. 1904. 

Stem quadrangular, glabrous, leaf blades oblong, up to 18 cm. long and 

5 cm. wide, acuminate at apex, narrowed at base to a short petiole, glabrous, 
firm and dark colored, the cystoliths conspicuous; inflorescence a terminal 
panicle, the flowers in clusters of 4 to 6 crowded m the axil of one of each 
pair of bracts; bracts ovate, obtuse, up to 1.8 cm. long, 0 mm. wide; bractlets 
up to 1.4 cm. long, 3 5 inm. wide; calyx segments unequal, 1.7 to 2 cm long, 

3 to 4 mm. wide; corolla rod, 4 mm. wide at base, 9 mm. wide at throat, 
puberulent toward tip, the lobes 5 nun. long, 3 mm. wide; stamens 4.2 om. 
long, pilose; staminodes 1.4 to 1.7 cm. long, pilose, spatulate at tip; style 
5 cm long, glabrous; capsule 1 7 cm long, 2.5 mm. in diameter, glabrous. 

Typo collected along the Cumbaso River, near Son Pedro, Department 
of Loreto, Peru, by E. Ule (no 6820). 

I have seen no material of this species, and the above description is com- 
piled from the onginal. 

8. Sanchezla tigrina Leonard, sp. nov. 

Frutex, ramis tetragonis glabris, nodis parce pubesoentibus exceptls; 
foliis oblongo-ellipticis basi acutis, apice acuminatis (^bris, maiginibus 
integerrimis vel undulatis; mflorescentia terminali paniculata, spicis pluribus 
unilaterahbus; braoteis oblongis vel oblongo-ovatis puberulis, margine sub- 
soanoso; bracteolis oblongis; corolla glabra, lobis parce ciliatis exceptis; 
staminodiis basi tomentoE^s apioe glabns. 

Shrub; stem quadrangular, glabrous or sparingly pubescent at nodes; 
petioles up to 2.5 cm. long, channeled, sparin^y puberulent above, glabrous 
beneath; leaf blades oblong-elhptic, up to 25 om. long, 8 om. wide, narrowed 
and acuminate at apex, narrowed at base, firm, drying oUve-brown, entire 
and undulate, both surfaces glabrous, the upper marked by numerous minute 
papillae, the cystoliths 0.5 to 0.76 mm. long; inflorescence a terminal panicle 



MABCH Id, 1032 lbonabd: thx Qsmra banchxzu in peru 


131 


oonslstiDg of several unilateral spikes, the lowermost node 1 to 3 cm. long, 
the others sucoeasivelv shorter, pube^nt, the flowers m clusters of 3 or 4, 
or solitary, seesile in the axil of one of each pair of bracts, the opposite bract 
sterile; bracts oblong to oblong-ovate, up to 1.7 cm. long, 7 mm. wide, acute 
at apex, puberulcnt, the margin aubsoanous, ciliolate; braotlets oblong, up 
to lo mm. long, 6 mm. wide, obtuse; calyx segments oblong, 1.5 to 1 7 cm. 
long, 3 to 5 mm. broad, obtuse and sparingly pubescent at apex, the margin 
soarious; corolla glabrous except for a few scattered hairs at the margin 
of the lobes, 4.6 cm. long, 3 mm. broad at base, slightly contracted, 1.2 cm. 
broad at mouth, the lower portion of the throat streaked with brown (dry 
flower), the lob(s 5 mm. long, 4 mm. wide, shallowly emarginate, conspicu- 
ously reticulate; filaments wnite-tomentose at base, sparm^y pilose above; 
anthers 4 mm. long; staminodes 1.5 to 1.8 cm. long, wnite-tomentose below, 
^brous above, narrowly capitate; style 5 to 6 cm. long, glabrous; stigma 
Uhear, one lobe 2 mm. long, the other vestigial. 

T3rpe in the U. S. National Herbarium, no. 1,444,803, collected at Iquitos, 
Department of Loreto, Peru, altitude 120 meters, October, 1929, by Llewelyn 
WilhwB (no. 3622). 


This species is closely related to S. lorarUkifolia, but is distinct in its 
glabrous corolla, puberulent bracts, and smaller calyx. The specific name 
was chosen because of the peculiar markings on the lower part of the corolla 
throat, a character found in only a few species of Sanehetta. 

The color of the flowers can not be determined with any degree of certainty 
from the type. Judging from the closely related species S. syhedrit, S. roaea, 
and tS. loranthtfolta, it may be mf erred that they are either red or pink. 


9. Sanchezia conferta I.eonard, sp. nov. 

Fnitex, ramie tetragonis glabris, nodis pubescentibus exccptis; fohis ovatis 
^bris, besi rotundatis vol obtusis, apice acuminatis, margine sinuato- 
dentato; spica densa, flonbus confertis; bracteis ovatis acutis vcl obtusis; 
bracteolis oblongis obtusis pubescentibus; calycis laciniis oblongo-lanceolatis , 
pauUum inaequahbus; corolla glabra, lobis pilosis exceptis; staminodiis 
angustis glabris vel parcc pubescentibus. 

Stem quadrangular, glabrous or pubescent at the nodes; petioles up to 
2 cm. long, channeled, glabrous; leaf blades ovate, up to 14 cm long and 
6 cm. wide, acuminate at apex, rounded or obtuse at ba.se, shallowly sinuate- 
dentate, fibrous, the cystoliths about 0.5 mm. long, inconspicuous, sur- 
rounded by minute papillate projections; inflorescence tenninal, the flowers 
numerous and crowded m the aidls of the bracts, the intcmodes short and 
concealed by the flowers, pubescent; bracts ovate, up to 1 5 cm. long, acute 
or Bubobtuse at apex; bractlcts oblong, subobtuse, pubescent, much smaller 
than the bracts; calyx segments subequal, oblanceolate, 2 to 2 3 cm. long, 

2 to 2.5 mm. wide at base, 2.5 to 4 mm. wide above middle, acute at apex, 
thin, pubescent without with ascendmg hairs up to 0.75 mm long, glabrous 
within; corolla 4.6 cm. long, 2 5 mm. broad at base, 8 mm. brood at throat, 
^brous except ^r the lo^, these 4 inm long, 3 5 mm wide, cmargmate, 
rather conspicuously pilose with hairs up to 0.6 mm. long, filaments white- 
tomentoso at base, sparingly pilose above; staminodes 10 mm long, Imear, 
glabrous, or bearing a few minute hairs at the margm; style glabrous. 

' Type in the U. S. National Herbarium, no 1,359,680, collected in dense 
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forest on Pichis trail to Yapas, Derartment of Junfn, Peru, altitude 1,360 
to 1,600 meters, June 29, 1929, by E. P. Killip and A. C. Smith (no. 26479). 

Although evidently related to the small-braotcd group of Saneheiia (S, 
aybentna, S. rosea, S. lorarUhtfolta, and S. tiffrtna), this species is strongly 
difTcrcntiated by its compact inflorescence, larger calyx, and shorter 
stainnodcs. 

10. Sanchezla capitata (Necs) Lmdau, Bull. Herb. Boiss. II. 4 : 315. 1904. 

Ancyhgyne capitata Necs m DC. Prodr. 11; 222. 1847. 

Shrub up to 2 meters high; stem subquadrangular, glabrous; petioles 3 to 4 
cm long, glabrous, leaf blades ovate to obovate, up to 28 cm long, 9 cm. 
wide, acuminate, gradually narrowed from about the middle to base, undulate- 
crenate, entire at base, glabrous; inflorescence terminal, the flowers crowded 
in several compact heads up to 4 cm. broad on stout peduncles about 3 cm. 
long; bracts red, oblong, up to 5 mm. long, acute, calyx segments (mature) 
Imear-oblong, 3 3 to 3 5 cm long, 4 to 5 mm wide, obtuse or rounjjlcd at 
apex, glabrous, corolla 2 5 cm. long, red; capsule 1 to 1 2 cm. long, 3 to 4 mm. 
broad; seeds lenticular, 4 5 mm. broad, about 1 mm. thick, brown. 

Type collected at Pangoa, Peru, by A. Mathews (no. 1230). 

Peruvian specimen examined — 

JunIn; Pichis Trail, between San Nicolas and Asupizd, 650 to 900 
meters, KiUip <fc Smith 26092. 

This specimen agrees very well with Nees’ brief description of Ancyhgyne 
capitata, at least in respect to the leaves and inflorescence. The KiUip and 
Smith plant is well beyond the flowering stage, and no coroUas are present. 

11 Sanchezia ovata 11 & P. El. Peruv. Chil 1:7. pi 8, Jig. c. 1798. 

Sanchezia glabra Pers Syn PI. 1: 24 1805 

Stem quadrangular, glabrous; leaf blades ovate, acuminate, entire, pubes- 
cent; inflorescence a temiual spike, the flowers sessile and crowded in the 
axils of the purple, ovate, acute, concave bracts; bractlets oblong, emarginate, 
purplish; calyx segments oblong, rounded, corolla yellow, glabrous; filaments 
hirsute except at base; staminodea aliout 4 mm. long 

Reiiorted from Cuchero, Pozuzo, and PiUao, Peru, by Ruiz and Pavon. 

As no material is available for my examination, the description is compiled 
from the original 

12. Sanchezia cyathibracteata Mildbr. Notizbl. Bot. Gart. Berlin 9: 267. 

192.5 

Stem stout, glabrous; petioles 4 to 6 cm. long; leaf blades oval, up to 30 cm. 
long, 16 cm. wide, obtuse at apex, subcuneato at base, coarsely crenate- 
imdulate, the nerves 15 to 17 on each side of midnb; inflorescence a spike 
up to 20 cm long, the intemodes 3 to 4 cm. long; bracts ovate, 4 to 5 cm. 
long, connate to middle or beyond; flowers numerous, sc^e; calyx se^ents 
unequal, 1.3 to 1 6 cm. long, 3 to 4 min. wide, rounded at apex; ooroUa gla- 
brous, yellow, 5 cm. long, the throat 8 mm. broad, the lobes 6 mm. long, 
3 mm broad; filaments i cm. long; anthers 6 mm. long; staminodcs 5 mm. 
long 

Type collected at the mouth of the Capanahua River, eastern Peru, by 
G. Tessmann (no. 31.34). 
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The relationship between this species, the type of which I have not seen, 
and S. pennellii is extremely close, the main cMerences lying in the number 
of lateral nerves of the leaves and in the size of the corolla lobes. Further 
matcnal may show that the two are oonspecihc. 

13. Sanchezia pennellU Leonard, Journ. Washington Acad. Sci. 16 : 488. 

1926. 

Stem obscurely quadrangular, glabrous; petioles up to 4 cm. long; leaf 
blades elliptic to clliptic-obiivaip, up to 30 cm long, 13 cm. wide, abruptly 
narrowed to a blunt tip, narrowed at base, shallowly crenate, glabrous, the 
lateral nerves 9 to 12 to a side; inflorescence a terminal spike; bracts ovate, 
up to 5 cm long and 3.5 cm. wide, connate at base, acute to obtuse at apex, 
r^; sepals bgulate-obovate, 1 to 1.5 cm. long, 2 to 5 mm. broad; corolla 
yellow, 4 to 6 cm. long, 6 to 7 mm. broad at throat, the lobes 3 mm. long, 
rounded and cmargmate at apex; filaments pilose, staminodes 4 to 5 mm 
lung; style glabrous 

Type collected at Vuelta de Aoufla, Magdalena River, Department of 
Antioquia, Colombia, by F W. Pennell (no 3798). 

Range: Panama; Colombia; Peru. 

Peruvian specimens examined — 

Loreto: Dense forests at Yunmaguas, Lower Rto Huallaga, almut 135 
meters, KiUip A Smith 27993. Dense forests, Santa Rosa, lower Rfo llual- 
laga below Yunmaguas, 136 meters, KiUtp & Smith 28829. 

The mflorescence of both Peruvian specimens is immature and the corollas 
are not fully devcloperl; the leaves and bracts, however, agree well with those 
of specimens from Panama and Colombia. 

14. Sanchezia oblonga RAP. FI. Pemv Chil 1: 7 pi 8, fig. b. 1798. 

Sanchezia hirsuia Pers Syn. PI 1: 24 1805. 

Stem glabrous, petioles winged, connate; leaf blades oblong-lanceolate, 
acuminate, glaiirous, inflorescence a tcrmmal spike witli a few short lateral 
branches; bracts ovate, tihI, pubescent; bractlcts Imear, tursute, red, calyx 
segments rounded at apex, yellow, corolla yellow; filaments hirsute, starnm- 
odes 4 to 5 mm. long. 

Reported from Cuchera, Pozuzo, and Pillao, Peru, by Ruiz and Pavon. 

15. Sanchezia maebridei Leonard, Joum. Washington Acad Sci 16: 487 

1926 

Stem glabrous; petioles winged, leaf blades up to iiO cm long, 12 cm wide, 
acuminate at tip, narrowed to a somewhat clasping base, undulate-dentate, 
glabrous; mflorescence spicate, or occasionally with a few lateral branches; 
bracts ovate, up to 5 cm long, 3 cm. wide, red, glabrous, the lower long- 
acuminato, the upper obtuse at apex, bractlets oblong, up to 2 5 cm. long, 1 
cm. wide, obtuse at tip; sepals 1 5 to 1 8 cm long, 2 to 4 mm wde, rounded 
at apex; corolla yellow, the tube up to 5 cm long, finely appressed-pubescent, 
the lobes 4 to 5 mm long, 2 5 mm wide; fihiments 4 5 cm. long, pubescent 
below with white hairs 0 5 mm. long, sparmgly pilose above with hairs up to 
1 5 mm. long; staminodes 1.5 to 1.8 cm. long, white-pubescent at base, 
glabrous at tip; style 6 cm. long, pubescent toward base 

Type collected at the mouth of the Chmehao River, Pampayacu, Peru 
by J. F. Macbride (no. 5066). 
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Penman epecimene examined . — 

Loreto: Boledad, Rio Itaya, 110 meters, in dense forests, KiUip A 
Smith 20640. 

HuAnuco: Pampayacu, Madtride 5056 (type). 

JunIn: La Meroed, 700 meters, thickets, KtUip A Smith 23411. 

Atacucho: Rlo Apurimao Valley, near Kimpitiriki, 400 meters, edge 
of forest along beach, KiUtp A SmtUi 22054. Densely forested vallev at 
Coarrapa, between Huanta and Rlo Apurunae, 1,500 meters, KUUp A SmUh 
23206. 

This species is readily recognised by its large bracts and its conspicuous, 
blight yellow, pubescent flowers. 

16. SanchezU peruviana (Nces) Rusby, Mem. Torrey Club 6: 103. 1806. 

Ancylogyne pervuriana Neea in DC. Prodr. 11: 222. 1847. 

Stem quadrangular, glabrous; leaf blades oblong-elliptic or obovate, up to 
35 cm long, 15 cm. wide, acuminate at apex, narrowed from below middle 
to a wingea petiole, sinuate-dentate, glabrous; infloreseenoe a terminal spike 
up to 20 cm long, the lowermost mtemode up to 8 cm. long, the otners 
successively shorter, the upper ones hidden by the flower clusters; bracts 
opposite, ovate, up to 3 5 cm. long, 4 cm. wide, obtuse, bright red, ^brous; 
bractlets oblong; calyx segments unequal, 2.2, 2.5, and 3 cm. long, 2 to 7 mm. 
wide, rounded at apex; corolla 4 cm. long, red, glabrous, or the lobes sparingly 
oihate; filmnents tomentose at base, pilose abwe, the hairs spreading, up to 
2 mm. long; stammodcs 2 to 3 mm. long, toment^ at base, glabrous above. 

Type collected at Sesuija, Peru, by Mathews (no. 1221). 

Range: Peru and Bolivia. 

Penman epecimena examined — 

San MartIn: San Roque, 1,350 to 1,500 meters, WiUiame 6933. 

JunIn: Wooded valley. La Merced, 1,200 meters, Schunke 292; KiUip 
A Smith 24080 

Sancheeta peruviana has inflorescence and flower parts similar to those of 
S. munita (Nces) Planch , a native of Brazil, but is distinguished by the 
character of the leaves. In S munita the petioles are wingless, and the leaf 
blades, usually under 20 cm m length, are entire. On the other hmid, the 
petioles of S peruviana are broadly winged and the blades are sinuate^en- 
tate. 

17 Sanchezia flava Leonard, sp. nov. 

Fnitex, ramis tetragonis glabris; foliis oblongo-elhpticis vel oblongo- 
obovatis glabris, apicc acuminatis, basl acutis, margine sinuato-dentato; 
petiohs alatis; spica simplici vcl paroe divisa; bracteis ovatis, infimis acutis 
rubns, summis obtusis flavis; bracteohs oblongis; calycis laciniis oblongo- 
ovatis rotundatiR inaequalibus; corolla lutea glabra, lobis parce ediatis 
except is; staminodus gracihbus pilosis 

Shrub 1 to 2 meters high; stem quadrangular, glabrous; leaves narrowed 
into short, winged petioles; leaf bladra oblong-eUiptic to oblong-obovate, 
up to 30 cm. long, 13 cm. wide, acuminate at apex, acute at base, rather 
shallowly sinuate-dentate, glabrous; inflorescence spicate, simple or bearing 
one or more branches at the basal node, the upper ncdcs hidden by the bracts; 
bracts ovate, up to 4 cm. long, 3 cm. wide, the lower acute and bright red, 
the upper obtuse and yellow; bractlets oblong; calyx segments unequal, 
oblong-ovate, 2 to 2 5 cm. long, 2 to 7 mm. wide, rounded at apex; corolla 
bright yellow, glabrous, or with a few minute hairs near the tip of the lobes, 



MABOH 10, 1032 ltonabd: thz oekub banchkzia in pobu 


136 


about 6 cm. long, 7 nun. broad, the lobes suborbicular, about 3.5 nun. in 
diameter; filaments finely pubescent below, pilose above with hairs 2 mm. 
long; staminodes 2 cm. long, slender and pilose above; ovary ^brous; style 
5 cm. long, rather densely pilose below with hairs 0.5 mm long, ^broua 
above. 

Type in the U. S. National Herbarium, no 1,368,007, collected in dense 
forest of the Schunke Hacienda, above Ram6n, Derailment of Junin, 
Peru, altitude 1,400 to 1,700 meters, June 8, 1920 by E. P. Killip and A.. C. 
Smith (no. 24640). 

This differs from S. penmana in its yellow flowers and long slender pilose 
staminodes. 

18. Sanchezla rubrlflon Leonard, sp. nov. 

Frutex, ramie tetragonia ^bns; foliisoblongo-elhpticis vel leviter obovatis 
^bris, apice acumlnatis, bari acutis, marine integerrimo vel leviter orenato; 
epioa terminali; bracteis infimis lanceolatis acuminatis, summis ovatis obtusis 
rubris; braoteolis oblongis obtusis; calycis laciniis pauUum inaequalibus 
angustis oblongo-ovatis apice rotundatis glabris; corolla rubra glabra vel 
lobis apice paroe pilosis; staminodiis angustis, basi tomentoeis apice glabris. 

Shrub 2 or 3 meters high; stem quadrangular, glabrous; petioles up to 4 cm. 
long, glabrous; leaf blades oblong-elliptic or slightly obovate, up to 25 cm. 
long, 12 cm. wide, acuminate at apex, acute or acutish at baw, entire or 
shaUowIy crenate, glabrous (nerves and midnb bright yellow in Maebride 
4665); inflorescence a terminal spike, the lowermost mtomode up to 9 cm. 
long, the others successively shorter, those near the tip hidden by the bracts; 
lowc^ pair of bracts lanceolate, 2 cm. long, 2 cm wide near the base, gradually 
narrowed to a slender tip, the upper bracts ovate, smaller, obtuse, all red 
and glabrous; bractlets oblong, obtuse; flowers several m each axil; calyx 
se^ents subdual, narrowly oblong-ovate, 1.8 to 2 cm. long, 3 to 5 mm. 
wide, rounded at tip, glabrous; corolla red, glabrous or with a few hairs near 
tip of lobes, 4 to 6 cm. long, 2 mm. in diameter at base, 7 mm. wide above 
bw, the lobes 3 mm. long, 2.5 min. wide, emarginate' stamens 4 to 5 cm. 
long, the filaments white-tomentose below, sparin^y pilose above with hairs 
1 mm. long; staminodes Imear, about 10 mm. long, white-tomentoee below, 
glabrous above; ovary and style glabrous, or the style bearing a few long hairs 
near base. 

Typo in the U. S. National Herbarium, no. 1,460,617, collected in dense 
forest at Cahuaponas, Rio Pichis, Department of Junin, Peru, altitude 
about 340 meters, July 20, 1929, by E. P. Killip and A. C Smith (no 26768). 

Additional Peruvian tpecimena examined — 

Loreto; La Victoria, Amason River, WiUiame 2880. 

HuInuco: Pozuzo, Maebride 4665 

This closely resembles S. munita, of western Brazil, but that species has 
staminodes about 2 mm. long (not 10 mm. long or more, as in S. rubriflora). 
Maebride’s no. 4666 was erroneously cited m my previous paper as S. peru- 
viana. 

19. Sanchezla pulchra Leonard, sp. nov. 

Frutex, ramie tetragonis g^bns; folus obovatis glabris, basi cunratis, 
apice breviter acuminatis, margine crasse crenato-dentato; spica terminali; 
bracteis intois lanceolatis glabris, reliquiis ovatis glabris rubris; bracteolis 
oblongis obtusis; calycis laciniis inaequahbus spathulatis; corolla luteo- 
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rubra glabra, lobU apioe pilogiB exceptis; stamlnodiia baai tomeDtoeds, apioe 
glabria. 

Suffrutesoent, 1 meter hi^; stem quadrangular, glabrous; petioles up to 
6 cm. long, glabrous; leaf blades obovate, up to 30 am. long, 16 om. wide, 
rounds or abruptly narrowed to a abort acumen, ouneate at base, coarsely 
crenate-dentate, gLabroua; mfloreacence a terminal spike, the flowers (flus- 
tered in the axil of the bracts, the lowermost intemode up to 6 om. long, 
the others partially hidden by bracts and flowers; lowermost bracts lanceo- 
late, up to 7 cm. long, 2 5 cm. wide near base and gradually narrowed to tip, 
the others ovate, acute, all dark red and glabrous; bractlets oblong, obtuse 
at apex; calyx segments unequal, spatulate, 1.4 cm. long, 3 to 4 mm. wide 
tow^ the rounded tip, gradually narrowed to 2 mm. at base, glabrous, the 
margm subscanous; corolla orange-red, glabrous except for a tuft of hain at 
tip of lobes and a white tomentum at insertion of stamens, 4 to 4.6 cm. long, 
the tube 2 mm broad, the throat 6 to 8 mm broad, the lobes about 3 mm. 
long and broad, emarginate, reticulate-veined; filaments white-tomentose 
at base, pilose above with hairs up to 1 mm. long; stammodes 3 to 4 mm. long, 
white-tomentosc except for the glabrous Up; ovary and style glabrous. 

Typo in the U. S. National Herbarium, no. 1,461,526, coUeoted in dense 
forest at Puerto Arturo, lower Rio Huallaga below Yunmaguas, Peru, August 
24, 1929, by E. P. KiUip and A. C. Smith (no. 27842). 

Addilioml Penman speamem examtned . — 

Loreto: Forest, Miahuayacu, near Iquitos, 100 meters, Klug 667. 
Lower Rio Huallaga, 155 to 210 meters, WtUtam 5143. 

JunIn: Denso forest, Puerto Bermudez, 375 meters, KiUtp & Smith 
26447. 

This is distinguished from S, rnbnflora and S. pnlchra by its large, obovate, 
coarsely crenatc-dculatc loav(!8. It is further differentiated from S. rubri- 
flora by its short stammodes. 

Killip & Smith’s 26447, from Puerto Bermudez, is doubtfully referred 
to 8 pulchra. In this specimen the inflorescence is very immature, and the 
upper pair of leaves have broadly winged, clasping petioles, although the 
second pair are typically slcnder-petioled. 

20. Sonchezia stenontha Leonard, Joum. Washington Acad Sci. 16: 
489. 1926 

Stem quadrangular; petioles slender, 4 to 6 om. long; leaf blades ovate 
to oblong-ovate, up to 25 cm. long, 12 cm. wide, acuminate at apex, rouniled 
or obtuse at base, entire or undulate, glabrous; mfloresoonoe a terminal 
spike (occasionally capitate), the lowermost internode up to 7 cm. long, the 
others much shorter and hidden by the bracts; bracts ovate, concave, up to 
4 cm. long, 2 5 cm wide, obtuse or acutish at apex, bright red; bractlets 
oblong-obovate; sepals equal, obovate, narrowed to a slender base, rounded 
at apex, about 1.5 cm long, 4 to 8 mm. wide; corolla bright yellow, glabrous 
(lob^ sparingly ciliate), 4 to 5 cm. long, 6 to 7 mm. broad; filaments white- 
pubescent at base, sparingly pilose above with hairs about 1 mm. long; 
stammodes 1.3 to 1 4 cm. long, white-pubescent below, glabrous above; stylo 
glabrous. 

Type collected at Fozuzo, by J. F. Macbride (no. 4634). 

Penman apecimens examin ^. — 

HuXnuco: Pozuzo, 650 meters, Macbride 4634 (typ3). 
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JcnIn: Denae forestB, Yapas, Picbia Trail, 1,350 to 1,600 meters, KiUip 
A Smith 25472. Thickets, Meriatiriani, Pichis Trail, 500 meters, KtUtp A 
Smith 26207. Dense forest. Rib Paucartambo Valley, near Perene Bridge, 
700 meters, KiUtp A Smith 25287. 

A well-marked species, easily recognised by the ovate, nearly entire leaf 
blades with rounded bases, and by the large compact spike of bright yellow 
flowers. 

21. SanchezU killlpii Leonard, sp nov 

Frutex, ramls tetragonis glabns; foliis oblongo-eUipticis glabris utrinque 
acutis, margine undulato; spioa tenninali; bracteis acutis glabris; bractoolis 
oblongis obtusis; calycis laciiuis oblongis inaequalibus obtusis glabns; corolla 
lutea glabra; staminodus basi tomentosis, apice pilosis. 

Shrub about 1 meter high; stem ouadrangular, glabrous; petioles up to 
1.5 cm. long, glabrous; leaf blades oblong-elliptic, up to 18 cm. long, 7 cm. 
wide, narrowed at both ends, glabrous, entire or shallowly undulate, inflo- 
rescence a terminal spike, the flowers clustered in the axils of the bracts 
(sometimes short secondary spikes present in the axils of the lower bracts), 
the lowermost internode 3.5 cm. long, the others successively shorter, about 
equaling the flower clusters; bracts (lowermost pair not seen) ovate, up to 
2.2 cm. long, 1 8 cm. wide, acute, glabrous; bractlets oblong, obtuse; calyx 
segments oblong, subequal, 1 8 to 2 cm. long, 4 to 6 mm wide, obtuse at apex, 
narrowed at base, glabrous, corolla yellow, ^brous except for a white tomen- 
tum at insertion of stamens, 4 cm long, 3 mm, wide at base, 9 mm. wide at 
middle, 6 mm. wide at mouth, the lobes 3 mm. long, 3.5 mm. wide, emar- 
ginate, filaments white-tomentosc at base, pilose above with hairs up to 2 mm. 
long; staminodes about 15 mm. long, white-tomentose below, pilose above, 
the hairs most numerous and longest just below the shghtly enlarged curved 
tip; ovary and style glabrous 

Type in the U. S. National Herbarium, no 1,462,404, collected in dense 
forests of Santa Rosa, lower Rfo Huallaga below Yurimaguas, Peru, altitude 
about 135 meters, Sept 4, 1929, by E P. Killip and A C Smith (no. 28967) 

In the character of the staminodes this species agrees with S flava, but 
can be distinguished by its well-defined, wmgicss petioles 

ENTOMOLOGY . — New species of Sphingulae and Satumiidae in the 
U. S. National Museum.'^ W. Schaub, Bureau of Entomology. 
(Communicated by Harold Morrison.) 

The new species described herein have been received within recent 
times and are a valuable addition to the national collections. They 
include 15 new species, one subspecies, two races, and one aberration. 

8PHINGIDAE 

Protoporce camposi, new species 

Male. — Palpi iron gray above, white underneath Head, collar, and 
tegulae iron gray ; a white spot at base of antenna and at side of neck Thorax 
dark olive gray. Abdomen above black, thickly mottled with white and 

^ Received January 13, 1933 
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pinkish buff scales, leaving a dorsal interrupted black line and subdoraal 
white spots; three laim lateral chrome spots on basal segments, broadly 
edged sublaterally with black: sublateral segmental white lines connected 
by a wavy white une; venter wnitish with transverse my bands. Fore wing 
fuscous black; a short white basal line from subcoetiu to below cell, a patch 
of white hairs at base of inner margin; an antmnedial white lunular line, 
outbent on costa, outanfdcd in cell and inbent to inner meirgin preceded by 
some fine white lines to submedian fold and diverging on costa; medial area 
with some grayish and faint cinnamon irrorations; a wavy jet black line 
follows the antemedial, and a dentate similar line precedes the postmedlal, 
and consists partly of cuneiform spots; a small white spot on discocellular; 
postmedlal line narrow, white, lunular dentate edged with jet black almost 
vertical from costa, inbent below vein 4, follow^ by diffuse grayish and 
cinnamon scaling to the black lunular dentate subterminal line; a wavy black 
line, from the subtenmnal at vein 6 to apex, mottled above with wmte and 
gray and preceded by a fuscous black space expanding at costa; a similar 
fuscous black spot, from vem 2 to inner margin at tomus, edged outwardly 
with white; a broken marginal black line pa^y defined by white scaling; 
some grayi^ shading on termen; ciUa black with white spots on interspaces. 
Hind wing fuscous black; an antemedial white patch from costa to below 
cell; a postmedlal senes of small white spots formmg a distinct line below 
middle, upcurved at inner margm, with two other curved short white lines 
above it on inner margm, all separated by black Imes; the postmedlal spots 
edged above by a dentate black Ime and some very small white spots; dlia 
whte at anal angle, otherwise black with white spots. Fore wing below with 
fuscous streaks m and below cell; costa and outer half thickly irrorated with 
white scales; a white Ime on discocellular; postmedlal line black edged with 
white, more distmctly on inner side; some white scaling at apex. Hind wing 
below: Base white irrorated with deep mouse my; a fuscous dentate medim 
line; postmedlal line broader, block, deeply dentate, ed^ with white, on 
basal side the white edged by a fine dark hne; termen thickly irrorated with 
white. 

Expanse, 118 mm 

Habitat— Ecuador. 

Type— Cat. No. 34401, U. S. N. M. 

Protoparce florestan iahkal, new subspecies 

Male. — Palpi white, tipped with pale smoke my. Hoad, thorax, and 
fore wing pole smoke gray; a fine black hne from shoulders curved at front of 
collar, alM extending below shoulder as a thick black hne along outer e^ 
of tegulae. Abdomen above mottled with dark scales; semental black 
Imes; subdorsal black spots on basal s^iment; a lateral black line expanding 
at segmental lines, except on three terminal segments; a sublateral fine fuscous 
line; body below white with ventral fuscous spots on terminal segments. 
Fore wing irrorated with fine black scales, in places absent, forming whitish 
edging to the postmedlal Imes, also to the antemedial hne proximally; a 
blwk basal and a subbasal spot on costa, and an intermediate spot near b^ 
of cell; antemedial line lunular, mbent below cell; medid Ime double, lunular, 
black, outcurved, below coll fainter mbent, parallel with antemedial, incurved 
to near base on inner margin; a white point on discocellular, followed by an 
interrupted black line crenulate below vein 4 to inner margm; postmedlal 
line outcurved, tnple below vem 5, finely crenulate and incurved telow vem 4, 
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parity edged with white towards inner margin; Bubterroinal line outbent 
irmn ooeta to 6, where it is connected with the apex by an irregular black 
line, below vein 6 the line crenulate on interspaces and disconnected; small 
marginal black lunules at veins 3 and 4; cilia white with black spots at vems. 
Hind wing: Costa whitish to poetmedial line; basal third tonso brown; 
thick fuscous black streaks from base below cell and before inner margin to 
medial line; inner margin cinnamon dmb; medial line broad, fuscous black, 
excurved and downcurved at inner margin followed below vem 5 by whitish 
and crossed by a downcurved fine black Gne at inner margm; poetmedial line 
broad from costa, fuscous black, suffusing with the fuscous termen to vein 5, di- 
minishing in width towards and angle; termen frc»n below vein 6 broadly pale 
smoke gray; cilia as on fore wing. Wings below with the termen broadly 
dark cinnamon drab with fine whitish irrorations on outer half. Fore wing: 
Costa grayish; inner margin from cell and to postmedial Ime whitish; post- 
medial outourved at ooeta and inbont, parallel with termen, benso brown, 
edged on either side with whitish. Hmd wing white with dark irrorations 
on costa, m cell, and beyond medial line, the latter thick, benso brown, 
irregu^, and somewhat dentate; postmedial line fine, dentate, becoming 
indistinct towards inner margin. Female the same as male, but the termen 
of hind wing less extensively gray, but with a broad white patch on inner 
margin between the two lines. 

Expanse, male 100 mm., female 112 mm. 

Habitat. — Tehuaoan, Mexico. 

Type.--Cat. No. 34476, U. 8 N. M. 

An examination of the genitalia shows this to be a good subspecies of 
P. floreatan Cr. 

The longitudinal black Imes on fore wing of P ftcreOan are entirely absent. 


Protoparce floiestan cabnil, new race 

Male. — The fore wing with a large medial space mottled cinnamon drab 
and rufous, irregularly triangular with its apex at vein 2, and with short 
black streaks on veins 3 and 4 near cell; the subterminal black line is fine 
wavily lunular, outwardly with drab seeing and a dentate whitish line, 
below vein 2 the drab scaling becoming cinnamon drab; cilia white inter- 
rupted by black lines. 

Expanse, Male 92 mm., femaie 140 mm. 

Habitat. — Jalapa, Mexico; Texas. 

1^.— Cat. No. 34477, U. 8. N. M. 

This race seems confined to the temperate district of Eastern Mexico, 
extending into Brownsville, Texas. 


Ceratomia igualana, new species 

Male. — Palpi fuscous black, heavily fnnged with white on first and second 
joints. Head, thorax, and abdomen above dark drab gray; a velvety black 
line, medially angled on front of collar, outbent on collar, and contmued 
along outer edge of tegulae and a fine line on dorsal edge of tcgulae; meta- 
thorax somewhat paler; abdomen dorsally with a fine interrupted black line, 
sub-dorsal whitish points at the lunular black lateral line; abdomen below 
whitish; thorax below with a lateral broad black line. Fore wing dark drab 
may; a white pomt at base; a fine darker curved subbasal line and a similar 
double antemedial line; a more distinct black line, closely accompamed by a 
fsdnt line, outbent from costa before middle to median, then angled and inbent 
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to inner margin at antemedial line; ixMtmedial line black, outourred, well 
marked, below vein 4 inbent to middle of inner margin, and closely followed 
by a double, fainter, lunular line; subterminal line fine, black, outourved 
from costa to vein 4, then sL^htly incurved; a black streak above veins 2 and 
3 from cell to subterminal line; a wavy black streak from subtermlnal above 
vein 6 to apex; two shorter streaks from subterminal at veins 3 and 4 with 
hooks at termen; a white dark-edged point at end of cell. Hmd wl^ fuscous 
with paler shading on costa and postmedially; short black and white streaks 
at anal angle. Fore wing below brownish dnib; a pale line at disooeellular; 
traces of a postmedial double dark line. Hind wing below somewhat paler 
than fore wing, the inner margin white from base to near termen; postmedial 
line faint. Cilia of both wings white with fuscous spots at veins. 

Expanse, 57 mm. 

Habitat. — Iguala, Mexico. 

Type.— Cat. No 34471, U S. N. M. 

Nannoparce balsa, new species 

Female — Palpi white, mottled with some fawn-color hairs and with a 
black streak above. Head and collar mouse gray; a black dorsal line on 
vertex, expanding on collar. Thorax medially p^hd mouse gray; tegulae 
mouse gray, dorsally edged by a broad black hne not reaching tips, outwardly 
edged with white. Abdomen above mouse gray with a dor^ black line and 
a subdorsal irregular line; body below white with black tufts at base of fore 
wing. Fore wmg pale mouse gray with slightly darker suffusions; an irregu- 
lar subbasal fine dark line and a fuscous spot nt base of inner margin; a double 
antemcilial fuscous hne forming on armulus in cell, very indistinct from be- 
low cell, a double medial lino from costa, also formmg an annulus in cell; 
postmedial line faint, double, minutely dentate, shghtly outbent to vein 4, 
then incurved, preceded by a darker quadrate spot from veins 5 to 7, crossed 
by short fuscous streaks; subtermin^ hne outcurved and incurved below 
vein 4, suffusing with the postmedial; a black line from postmedial above 
vcm 6 to apex; black streaks above veins 3 and 4 from ceil to postmedial line; 
short black streaks on veins at termen crossing the white cilia. Hind wing 
fuscous gray, the inner margm white, a medial whitish gray shade; termimd 
shade with darker streaks on interspaces. Fore wing below light drab with 
faint traces of a postmedial darker line Hind wing below with the inner 
margin more broadly white 

Expanse, 70 mm. 

Habitat. — Balsas, Mexico. 

Type— Cat. No. 34472, U. S. N. M. 

Hyloicus merops monjena, new race 

Male — Palpi grayish drab, fringed with paler white-tippcd hairs. Head 
and thorax grayish drab. Collar and dorsal half of tegulae benzo brown, 
finely edged with black, the outer half of tegulae white, mottled with cinna- 
mon drab scales. Abdomen as m H. merops Fore wing thickly mottled 
white, benzo brown, and light cinnamon drab; a short black line at base of 
costa and below cell, the latter with some black hairs below it; a broad whitish 
space below cell to medial line and a narrower buffish streak from cell to post- 
medial; antemedial line double on costa, the outer part close and parallel 
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with medial line, deeply outcurved, inangled on pale space where it is cinna- 
mon buff; medim line fine, double, fuscous, deeply outcurved with black 
points on it at costa and below cell, from vein 2 inbent to Inner margm near 
base; a small whitish spot edged with black and contaimng a black point on 
discocellular; no second spot above it; postmedial line very faint, double on 
costa, with some whitish scales below costa, then deeply excurved, dentate, 
partly edged proximally with some whitish spots, a very fine black line from 
it at vein 6 to vein 7 near termen where it is broken and above vein 7 extends 
to apex; the postmedial is followed by a drab shade to subtermmal, this latter 
outbent on costa, inwardly shaded with white, evanescent from vein 7 to near 
termen at vein 6, then wavy, black, inbent to vein 2 and bent downward to 
inner margin, followed by whitish gray scabng; a fine terminal black line, 
preceded by small black spots; on postmedial area vein 2 is white with black 
spots; cilia alternately white and drab. Hind wing above as in meropa; 
the cilia white, without spots. Fore wing below rather grayer, with an out- 
curved fuscous post-medial macular line with faint traces of a hne beyond 
cell Hind wing below with costal half to postmedial light buff, thickly 
irrorated with drab; some black streaks below cell near base on a large white 
space to inner margin and postmedial line, this latter black, dentate from costa 
to vein 3, then broad and downcurved, followed throughout by a broad white 
space; termen grayish irrorated with drab, large fuscous quadrate blotches on 
interspaces 

Expanse. — 112 mm. 

Habitat. — El Monje, Loja, Ecuador. 

Type.— Cat No. 34404, U. S N. M. 

Hyloicus chisoya, new species 

Female. — Head and thorax purplish gray, slightly mottled with paler 
hairs; fine oblique black lines from vertex across collar, continuing on tegulae; 
tegulae dorsally edged with a black lino. Abdomen dorsally purplish gray, 
with a fine black dorsal line; a subdorsal black spot at base; lateral pale pur- 
plish gray spots on two following segments, then white spots on next three 
segments, aU broadly edged with black; abdomen below light purplish gray, 
mottled with white between segments; a black ventral Hne. Fore wing 
purplish gray with oblique paler suffusions; a black spot at base of inner mar- 
gin, a double anlemeilial fuscous line outcurved below cell and inbcnt to the 
black spot on inner margin, with pale suffusions above and below it ; a fine 
black line in cell above median, and a short line above it in end of cell ; heavier 
black streaks from cell above and below vein 3; a longer black streak above 
vein 5 crossing the postmedial; a postmedial fuscous shade faintly double, 
outcurved beyond ccU and dentate, below vein 3 sinuous to middle of inner mar- 
gin and outwardly edged with light purplish gray; from postmetlial a fine black 
streak above vein 6 upturned and more heavily marked at vein 7, then obhque 
to apex, from vein 0 to vein 2 a slightly sinuous black line, outwardly edged 
with white which gradually expands; a fine terminal block line; cilia fuscous 
with small pale spots. Hind wing fuscous; base pallid purplish gray and a 
similar bro^ postmedial shade downcurved above anal angle, its anterior 
half suffuMxl with cinnamon drab; cilia white, spotted with block except at 
anal ande and on inner margin. Fore wing below hair brown; a postmedial 
inbent fuscous fascia with diffuse edging followed by a fainter outcurved 
dark shade; a fine black streak from vem 6 to apex. Hind wing below: 
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Base broadly purplish gray; a broad diffuse fusoous fascia followed by a broad 
pale puiplish gray space; termen deep purplish gray, its proxlinal edge with 
black suffusions. 

Expanse. — 86 mm. 

Habitat. — Mexico, without predae locahty. 

iype.-Cat. No. 44470, U. §. N. M. 

Somewhat like Druce’s figure of H. •perdagant (nee Edwards) which was 
named by Rothschild and Jordan H. mexioanus; th^ figured a male which 
is again a very different species. 

Hyloicus balsae, new spedee 

Male. — Palpi white, irrorated laterally with fusoous, above thickly mottled 
with black, at third joint with wood brown. Head, collar, and thorax thickly 
mottled buffy brown and gray, the latter shade predominating on thorax 
dorsally; tegulae fuscous; two black lines diverging from vertex to tegulae, 
the latter edged with distinct black lines. AMomen dorsaUy hair brown 
with a fine dorsal black line, and fine black se^ental lines; lateral^ the seg- 
ments black with white segmental lines; abdomen below whitish. Fore 
wing drab, suffused sHth gray, the Imes black; a subbasal hne; antemedial 
line double, fine, macular on costa and deeply outcurved, interrupted by 
veins, inbent below cell, the inner Ime forming a fine black line to base below 
mediw, there broadly ^gcd below by a whitish shade, the outer antemedial 
cinnamon below ceU where crossing the white shade, then obsolete; a double 
medial Ime, outangled in cell, slightly incurved below cell, and outcurved at 
median and mbent to base of inner margin forming two fine and distmot black 
Imes; a fine black line from antemedial through c^, passing between the two 
white black-edged spots on discocellular to the postmedim line; black Imes 
below veins 4 and 3 from cell to subtermmal line; postmedial line wavy, out- 
curved, Mowed by another double line filled m with grayish white sc^ng, 
and out by a grayish black-edged streak on vom 6 to termen above which is a 
black str^ to termen close to apex; subtermmal line well outcurved, smu- 
ous, hardly traceable below vein 4; an mbent line from termen at vein 5 to 
vein 3; a fine terminal line; ciha white, mottled with black at veins. Hind 
wing black; some white at base; an antemedial white shade, expanding on 
inner margin; a thick white postmedial line, upcurved below vein 4 and down- 
curved to inner margin at anal angle; cilia as on fore snng. Fore wing below 
deep gray suffused with hair brown; a white discal point and faint traces 
of postmedial lines, edged with whitish at inner margin. Hind wing below: 
Costa and basal half to below cell drab, irrorated with cmnamon drab, the 
inner margin white; a postmedial fuscous black shade narrower and mtensely 
black at inner margin, outwardly e<^ed broadly with white; termen similar to 
fore wing. 

Expanse, 72 mm. 

Habitat.— Balsas, Mexico. 

Type.— Cat. No. 34461, U. S. N. M. 

Nearest H. lugena Walk. Brighter colored with distinct black longitu- 
dinal lines; the postmedial white line on hind wing more deeply upcurved 
before inner margin. 
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Cautethla gimltla, oew speoiee 

Female. — Palpi below grayish white. Body above drab grav, irrorated 
with darker ntiy and hair-brown scales; abdomen with fine buck segmental 
lines above, laterally on basal half light buff, underside whitish except on 
terminal three segments. Fore wing drab gray, Irrorated with darker scal- 
ing; traces of subbasal black patches between veins; antemedial Ime doulsle, 
blaw, outangled on median vein; a small linear quadrate black spot at dis- 
cocellular, the inner edge more heavily mariced, a faint dark line above it 
on costa, and a short blade line on vein 5 beyond it; postmedial line black, 
outwardly edged with whitish scaling, dentate from coeta to vein 3, below 
vein 3 straight, more heavily marked, and vertical to inner margin; terminal 
space with a double series of dull drab patches on interspaces, connected by 
grayish white scfding; a fine terminal benso brown line expanding on inter- 
spaces. Hind wing: Basal half orange, distal half fuscous. 

Expanse, 34 mm. 

Habitat.— Slmlti, Colombia. 

Type.— Cat. No. 34446, U. S. N. M. 

Conspicuous by the absence of the fuscous oblique streak at tomus of fore 
wing, present in all the other species. 

SATUBNIIDAE 
Rotbschlldla cozeyi, new spocies 

Female. — Head and collar pinkish cinnamon, the latter edged with white. 
Thorax orange cinnamon. Abdomen pinkish cinnamon; a narrow transverse 
white line at base, a lateral white hne divided by a cinnamon buff line; 1^ 
pinkish cinnamon, partly streaked with white. Winm above to postmedial 
line orange cinnamon; postmedial fine, fuscous, lunmv dentate, outwardly 
white, followed by a narrow fuscous shade irrorated with lilacine white, then 
by a broad pale (^yish vinaceous space distally deeply dentate on veins, 
narrowly edged with russet. Fore wing; an antemedi^ white line distally 
edged with fuscous, outbent to median, then inbent to near base of inner 
margin; the hyaline spot basally meurved, distally rounded across postmedial 
line, below stron^y inbent, partly edged by a very fine black line; outer space 
brown, below vein 6 bro^y ochra^us orange, limited by a fine lunular 
black line, above vem 6 a large white and paUid vinaceous-drab space to costa 
and apex, outwardly edged with ochraceous orange; between veins 6 and 7 
the Bubterminal line enclosii^ a triangular black spot and a broken English 
red line; termen tawny oUve, Hind wing: An meurved black and white 
line near base; the hyc^ne spot basally incurved, almost angular, constricted 
before crossing postmedial hne, the broad pale grayish vinaceous space not so 
conspicuously dentate as on fore wing; the outer space orange cinnamon 
thickly irrorated with brownish drab; subterminal line fine, black, almost 
straight preoeded by Hay’s russet spots; below middle of costa an elongated 
oval nyaline spot edged with white and then a black line. Wings below to 
postmedial line clay color, the broad space beyond postmedial paler than 
above and extendi^ to apex, the interspaces towards margin below vein 6 
cinnamon buff. No antemedial line on fore wmg; the oval spot below costa 
of hind wing very distinot. 

Expanse, 118 mm. 

Habitat.— Macas, Ecuador. 



144 JOUBNAL OF THK WABHINOTOM ACADBHT OF BCIBNCSa VOL. 22, NO. 6 


Type.— Cat. No. 34376, U. 8. N. M. 

Named in honor of ita discoverer, W. Judson Coxey. 

The whole appearance of the species is very distinct. 

Automeiis semicaeca, new aberration 

Male. — Antenna, head, and collar cinnamon; thorax and abdomen above 
orange cinnamon; body below hght pinkish cinnamon. Fore wing acute, 
somewhat falcate, orange cinnamon, the terminal space beyond line brownish 
vinaceous; lines light vinaceous cinnamon; antemedial vertical, inwardly 
dark edged; outer lino from costa near apex to beyond middle of inner margin 
outwardly dark edged, a fine, small, dark annidus at discocellular iill^ in 
with light vinaceous cinnamon. Hind wing russet vinaceous; a small white 
spot at discocellular with a pointed dash of white scales extending from it 
distally; a fine subterminal lunular black hne followed by a brooder brasil 
red par^lel line; termen narrowly light pinkish cinnamon. Fore wing below 
somewhat paler, more of a brownish vinaceous shade; a round black spot at 
discocellular containing a small white spot; outer lino block, faintly wavy. 
Hind wing below russet vinaceous, suffused with pinkish cinnamon; a faint 
darker postmedial Ime, no discal spot. 

Expanse, 72 mm 

Habitat — Santa Cathanna, Brasil. 

An abberation of the reddish form of Aulomena memuaae Walker. 

Hylesia coorya, new species 

Male. — Antenna with rod shaft and orange pectinations. Head, collar, 
and thorax purplish fuscous. Abdomen above raw sienna with transverse 
brussels brown lines, underneath vinaceous drab. Wings vinaceous drab. 
Fore wing. A thick fuscous line from base of costa, outbent to inner margin; 
a fine dork medial line outcurved to vein 2, then slightly outbent, suffusing 
with the similar postmedial line at inner margin; the postmedial outcurved 
on costa, then straight and inbont, a thick dark line on discocellular; the veins 
from medial line to tennen finely darker; a pallid purple drab spot at apex 
Hind wing: A faint darker medml shade, its edge dentate on veins; a faint 
subtermii^ shade Wings below somewhat darker, the hind wing with a 
darker lino from costa near apex to above muldle of inner margin; the sub- 
terminal shade os above. 

Expanse, 34 mm. 

Habitat — Coary, Amazons 

Type.— Cat. No. 3446:3, U. S. N. M. 

The apex of fore wing shghtly produced, rounded 

Hylesia cottica, new species 

Male. — Antenna ochraceous buff. Head and thorax chaetura drab; abdo- 
men mars brown, mottled with hght buff hairs and with fuscous segmental 
lines. Fore wing hair brown, the medial spiace paler, the hnes and veins 
finely darker; antemedial hne very faint, vertical, the postmedial inbent; a 
faint dark shade on discocellular; a small pale smoke gray spot above vein 7 
on termen; inner margin narrowly fuscous. Hind wing the some shade as 
medial space of fore wing, the inner niargm with long darker hairs; faint traces 
of a subterminal hne. Wings below of a uniform duller color. A distin- 
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guiBhing feature ia the shape of the fore wing: The apex is bluntly produced 
and the tennen more mbent than m the usual run of species, so the wing 
appears longer and narrower. 

Expanse, 39 mm. 

Habitat. — Moengo, Cottica River, Surinam. 

Type.— Cat. No. 34464, U. S. N. M. 

Hylesia huyana, new species 

Female. — Head and thorax brownish drab. Abdomen cinnamon buff with 
clay color segmental lines Fore wing light cinnamon drab, the terminal 
space pale ecru drab; an irre^ar darker subbasal line; a fine lunular ante- 
medial hne; a white hne on discocellular; a fine dark somewhat lunular line 
from costa near apex to middle of inner margin. Hind wing hght cinnamon 
drab, the veins finolv darker; a fine dark line on discocellular; traces of a 
straight i^tmedial line from costa before apex to middle of inner margin, 
more distinct on underside. Fore wing below somewhat paler than above, 
the markings visible in transparency. The termcn is more oblique than usual 
in Hylesia. 

Expanse, 70 mm 

Habitat. — Yahuannayo, Peru 

Type.— Cat. No. 34469, U. S. N. M. 

Hylesia ileana, now species 

Male. — Palpi burnt sienna. Head, collar, and tegulae cacao brown, the 
thorax walnut brown. Abdomen above grayish cinnamon, underneath clay 
color. Fore wing: Base russet vinaceous limited by a darker vertical onte- 
mcdial line; medial space wider on costa than on inner margin, light russet 
vinaceous with a large oval russet vinaceous spot on discocellular, postme- 
dial line vinaceous brown, slightly outcurved on costa, and mbent to inner 
margin, terminal space russet vinaceous, crossed by a subtcnmnal light russet 
vinaceous shade from apex to tomus somewhat intemipted opposite cell; 
cilia kaiser brown. Hind wing deep brownish vinaceous, the veins finely 
darker; termen light russet vinaceous. Wings below deep brownish vinace- 
ous, the veins darker. The fore wing is slightly proiluced at apex, but not 
acute. 

Kxpanse, .36 ram. 

Habitat — Chiapas, Mexico. 

Tvpe— Cat. No. 34462, U. 8 N. M 

I'he poratypes arc in the collection of Don Carlos Hoffmann, Mexico 
City. 

Hylesia orbana, new specie 

Male. — Antenna cinnamon Collar and thorax purple drab. Abdomen 
dull cinnamon, mottled with purple drab hairs on segmenis, leaving dull 
cinnamon segmental lines: ventral surface purple drab Fore wing purple 
drab; some small antemcoial pallid purple drab spots, postinedial line out- 
curved at costa, shghtly inbent below vein 5, defined by irregular pallid purple 
drab scaling; a lar^ fuscous spot at end of cell; some pale scaling on termen 
above vein 7. Hmd wing largely purple rlrab; the costa paler; a postmodial 
and terminal light purple drab sli^e Fore wing below darker; a dark streak 
on discocellular; poBtm»lial and terminal paler shading. Hind wing below 
light cinnamon drab with darker postmedial and subterminal shading. 
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Female daricer, the maridngs more of a dusky brown with fuscous suffu- 
sions at base; disoal spot broader, not so round; postmedial shade broad; the 
termen darker shaded. Hind wing with darker veins and a curved line on 
disoooellular. 

Expanse, Male 62 mm., female 57 mm. 

Habitat.— Boven, Surinam. 

Type.— Cat. No. 34466, U. 8. N. M. 

Allied to H. mixtiplex Dognln. 

Dysdaemonia avangareza, new species 

Female. — Palpi and head benso brown. Collar and thorax tilleul buff. 
Abdomen above ecru drab, underneath buffy brown; legs brownish drab. 
Fore wing tUlcul buff suffu^ with avellaneous; famt traces of an outbent 
wood brown antemedial line; a double wood brown hne widely separated, from 
near middle of costa, slightly excurved to the postmedial line at inner margin: 
a fine pale hne on disoooellular defined by cinnamon brown edging, followea 
by two elongated, large hyaline spots also finely edged with cinnamon 
brown, the spots distally rounded, the upper spot only slightly smaller and 
narrower; a fine vertied postmedial line, buffy brown, intercepted by the 
hyaline spots, the space beyond to outer line light cinnamon drab; outer line 
well marked, hair brown, outourved below emta and inbent to postmedial 
line on inner margin; outer line irregularly followed by light vinaceous fawn; 
a large army brown spot on costa not reaching apex, its proximal edge in- 
curv^, its distal edge sinuous; some triangular fuscous brown spots from vein 
3 to inner margin close to outer line; termen suffused with army brown from 
apex to below vein 3 expanding at vein 4; the crcnulate margin mostly edged 
with cinnamon brown. Hind wing: Base as on fore wing, a faint darker an- 
temedial line vertical from costa, curved just above postmedial and upbent 
to inner margin, broader and diffuse; post-medial line benzo brown outwardly 
shaded with dusky drab then hght cinnamon drab to outer lino, the latter 
buffy brown, broad to vein 6, then inbent fuscous, narrowing to inner margin; 
termen broadly pale vinaceous fawn, some army brown clusters of scales from 
below vein 3 to inner margm close to outer line, some subterminal army 
brown shading from costa to vein 6; termen narrowly suffused with army 
brown. Wings below cmnamon drab. Fore wing: The outer line buffy 
brown, not so outcurved at costa; postmedial hne very faint. Hmd wing: 
Postmedial line fawn color, outer Ime darker. 

Expanse, 131 mm. 

Habitat. — Avangarez, Costa Rica. 

Type.— Cat. No. 34417, U. 8. N. M. 

Djrsdaemonia guyaquUa, new species 

Female. — Palpi and head benzo brown. Collar and thorax vinaceous 
buff. Abdomen cinnamon drab. Fore wing: Costa mostly vinaceous fawn, 
mottled with drab; a dark line on base of median, space below light vinaceous 
fawn, covered with long hairs, outwardly limited by an outbent antemedial 
army brown hne from below cell to inner margin; a sinuous outbent medial 
hne from subcostal, preceded by light vinaceous fawn scaling, and broadly 
followed by fawn color which joins the postmedial hne below vein 3, the space 
above it to costa hght vinaceous fawn enclosing two hyaline spots, the upper 
spot quite small, neither of them with any edging; a fine dark line on dls- 
cocellular with verona brown points at upper and lower angle of cell; post- 
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medial line mikado brown, slightly sinuous, and passing be^nd the hyaline 
q>ot8, outwardly shaded with sayal brown to near outer line which is fine, 
fusoous, outour^ at costa where it is preceded by some hght vinaceous fawn 
scaling; on costa before apex an irr^^ular Hay’s russet spot; termen at apex 
light vinaceous fawn, otherwise largely deep brownish drab; beyond outer 
liM a series of triangular liver brown spots on interspaces, except between 
veins 4 and 6; the spot above vein 6 more elongated ; all these spots edged with 
light browni^ drab. Hmd wing from base to postmedial light browmsh 
dnb, the inner margin with long light vinaceous fawn hairs; from below 
cell an antemedial fawn color fascia curved to inner margin; postmedial line 
hasel, broadly shaded distally with cinnamon rufous: outer line faint from 
costa, from vein 5 to inner margin black, followed by light brownish drab; a 
Bubterminal series of dark spots coalescing towards costa; outer margin light 
vinaceous fawn, the termen from projection below vein 5 hasel. Fore wing 
below cinnamon drab, dark from postmedial to outer line ; termen suffused with 
light vinaceous fawn. Hmd wing below avellaneous to postmedial Ime; the 
outer Ime distally edged with hght vinaceous fawn; some sunilar shadmg on 
termen. 

Expanse, 132 mm. 

Habitat. — Guayaquil, Ecuador. 

Type.— Cat. No 34416, U. S. N. M. 

Coplopteryx phlppsi, new species 

Male. — Palpi and a line behmd head blacbsh brown. Head pale pmkish 
cinnairon. Collar pinkish buff with a fine transverse sayal brown Ime. 
Thorax sepia, the shoulders avellaneous, mottled with vinaceous fawn. 
Abdomen above natal brown, underneath drab with a double hair brown line 
on basal half. Fore wing above: Costal margin on basal fourth pinkish buff 
with drab mottling; base below subcostal broadly sepia umted by an ecru drab 
antemedial line, obliquely outcurved m cell, below cell slightly outbent and 
somewhat incurved above inner margin, this Ime outwardly edged by a fine 
dark line which extends on to costa as a black outangled Ime, from this Ime 
at subcostal a snuff brown line is outbent and curved to lower angle of cell, 
then upbent to a point on vein 4, is there upbent to costa, and downcurved 
to inner margm forming the ^tmedial line, the large space enclosed above it 
pale vinaceous fawn, irrorated with light drab, chiefiy on costa; on this space is 
a sm all triangular hyaline spot, edged outwardly by a snuff brown sinuous fascia 
which extends above it to subcostal; the medial space below the line verona 
brown, suffused with brownish drab along the antemedial hne, and before the 
postmedial from vein 2 to inner margin burning pinkish buff; the postmedial 
line is followed by light drab, broadly from costa to vein 6, lunited by a fine, 
wavily outcurved, dark line which is incurved below vein 6 and becomes black 
following closely the postmedial to inner mar^Q. the hght drab prcced^ it 
forming a bro^ line, partly edged with pinkish buff; the outer dark line is 
followed by narrow hyaline spots from above vem 5 to below vein 4; termen 
from costa to vein 5 suffused with drab and buffy brown; below vein 5 to 
near vein 3 a dark vinaceous brown shade, inner ^ge sinuous and exourved 
towards vein 3; terminal space above tornus pole vinaceous fawn, irrorated 
with drab, and with some dark pomts close to outer line; cilia mostly fusoous. 
Hind wing: Costal half light cinnamon drab; inner margin to postmedial 
line armv brown; a medial curved darker Ime below cell, above it at inner mar- 
gin a li^t drab patch containing a small semilunar hyaline spot; postmedial 
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line army brown, broad, downbent, and sharply an^^ and upbent towards 
inner margin, this line followed by a second line well below apex, becoming 
fuscous and thicker, where downbent on tail, also sharply an^ded and upbent 
to inner mturgin; a light buff shade between the postmediu and marginal hnes 
where angled; the fuscous line extending to beyond middle of tail, the ter- 
minal portion dark tiUeul buff. Winf^ below light buff with cinnamon drab 
and h^r brown striae. Fore wing: Traces of a poetmedial line from oosta, 
the outer line distinct from vein 5 to inner margm. Hind wing with only the 
marginal lines 

Expanse, 100 mm. 

Habitat.— Province of Rio, Brasil. 

Type.— Cat. No. 3440, U. 8. N. M. 

I take pleasure in naming this species in honor of Senator Phipps who con- 
tributed generously to the purchase of the Dognin collection where this fine 
species was found. 

This species is somewhat like C. sonthonnaxt Andr4. The termen from 
vein 6 to apex is wavy, below vein 6 more mbont and not so deeply crenulate 
as in C. aonthonnaxi. It is also allied to C. virgo Zikan. 

PROCEEDINGS OF THE ACADEMY AND AFFILIATED 
SOCIETIES 
THE ACADEMY 

Memorial Resolution on the Death of Frank Wioolesworth Clarke 

Dr. F. W Clarkf., one of the founders and a past president of the Washing- 
ton Academy of Sciences and one of the stanchest supporters of its Journal 
peacefully passed away at his home in Chevy Chase, Maryland, on May 23, at 
the age of 84. In his death Science has lost a most notable and enthusiastic 
worker and the Academy one of its most dwtmguished and faithful members. 

Dr. Clarke believed in research in fundamental principles rather than in 
applied science, although he realized that both were necessary, for, as he was 
often heard to say: “How can science bo apphed if there is no science to 
apply'?” In 1872, at the age of 26, he advanc^ this principle when he sub- 
mittra to the Smithsonian Institution his first manuscript on the Constants 
of Nature. Again, in 1878, in his address as chairman of the section of chemistry 
of the Amencan Association for the Advancement of Science, after expressing 
his adherence to this pnnciple, he lamented the fact that so little support was 
given to the study of the basic truths of nature and especially mentioned the 
lack of codperation in what httle work was being done m his own science, say- 
ing “What chemistry needs is combined effort upon some general plan.” 
Undoubtedly, Clarke’s repeated calls for close codperation in scientffio work 
matenally influenced our present day attitude. He advocated the estab- 
lishment of governmental research laboratories with skilled specialists before 
any of the present ones came mto existence. 

Clarke’s instinctive critical ability enabled him to evaluate rapidly the 
work of other people and his ^tematic procedure made him a notable 
ciHnpiler, as evidenced by his Constants of Nature, his many reports on 
atomic weights, and finally his Data of Geochemistry, which went through five 
editions. The best part of his life was spent as Chief Chemist of the U. S. 
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Oeologioal Survey, a position he filled for many years from bis appointment in 
1883. 

Always kind and generous he reflected only the bright side of hfe to his 
associates. His witty and humorous remarks often hdped to brighten the 
day for those who were in contact with him. 

Now, Whereas, Frank Wiqolbswobth Clarke, a past president of this 
Academy was long one of its moat influential members and largely instru* 
mental in reviving the publication of the Journal of the Academy in 1911, 
and 

AVhereas, he was recognized as an international authority on atomic weights 
and geochemistry, and was one of the first to compile tables of fundamental 
ph 3 rsical and chemical constants, so that by his death the Academy has sus- 
tained a distinct loss, 

Therefore, be it resolved that the Academy express itself as appreciative of 
the high quality of his work and his long sustained interest in many varied 
fields of science. And further, that the sympathy of the Academy be ex- 
tended to his bereaved family, that these resolutions be published in the Jour- 
nal, and that a copy be transmitted to his family. 

(Prepared for the Academy by W T St-hallbr, OnoitaB Hteiqbk and U C Whlui.) 

Newly Elected Members of the Washington Academy of Sciences 

Frederick Kiigenb Fowle, Research Assistant, Smithsonian Astrophysi- 
cal Observatory, was elected to membership in recognition of his contribu- 
tions to astrophysics and in particular his researches on the absorption of 
solar radiation by atmospheric water vapor and atmospheric ozone. He has 
been Editor of the Smithsonian Physical Tables since 1910 

Dr. William C Frazier, Senior Bacteriologist, Research Laboratories, 
Bureau of Dauy Industry, was elected to membership in recognition of his 
contributions to the science of bacteriology and especially to the metabolism 
of bacteria. 

Dr. Paul S. Galtsoff, Biologist m charge oyster fishery investigations, 
Bureau of Fisheries, was elected to membership in recognition of his con- 
tributions to expcnmentnl biology and in particular his researches on re- 
generation of sponges and physiology of Pelecypoda (Oyster) 

Roy W Goranson, Physicist, Geophysical Laboratory, was elected to 
membership in recogmtion of his work on density distnhution m the earth’s 
crust and his work on thermodynamic relations in multi-component systems 

Dr. Joseph Grinnell, Director, Museum of Verlebrata and Zotflogy, 
and Professor of Zohlogy, Umversity of California, was elected to membership 
in recognition of his contnbutions to ornithology and zobgcography 

J. N. B. Hewitt, Ethnologist, Bureau of American Ethnology, was elected 
to membership m recognition of his researches among the Iroquoian Indian 
tribes, and particularly his work on the League of the Iroquois Nations 

H. H. T. Jackson, Senior Biologist, Bureau of Biological Survey, wm 
elected to membership in recognition of his contributions to systematic 
mammalogy. 

Dr. Carl Clarence Kiess, Senior Physicist, Bureau of Standards, was 
elected to membership in recognition of his work on the description and classi- 
fication of spectra, comet and planetoid orbit observations and stellar spectra. 

Dr. Albert E. Lonoley, Associate Botanist, Division of Genetics and 
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Biophysics, Bureau of Plant Industry, was deoted to membership in recog- 
nition 61 his work in cytology. 

Dr. D. J. McAdam, Jr., Senior Metallurgist, Bureau of Standards, was 
elected to membership in recogmtion of his contributions to physical metal- 
lur^ and his studies of the corrosion of metals. 

&. Harry John McNicuolab, Physidst, Bureau of Standards, was 
elected to membership in recognition of his work in optics, colorimetry, 
reflectometiy and speotrophotometty. 

Thohab P. Pendleton, Chief Engineer, Aerotopograph Coriraration of 
America, Washington, D. C., was elects to memberwip m recognition of his 
research and contributions to stereophotc^rammetry as'appli^ to photo- 
topographic surveying and mapping. 

James Lee Peters, Assistant in Birds, Museum of Comparative Zoblogy, 
Cambridge, Mass, was elected to membership in recognition of his contribu- 
tions to 8)retematic ornithology. 

Dr. Joseph H. Koe, Professor of Biochemistry, Geoim Washington Uni- 
versity, was elected to membership in recogmtion of bis contributions to 
biochemistry and in particular his researches on the chemistry of blood. 

Dr. F D Rossini, Associate Scientist, Bureau of Standards, was ejected 
to membership in recognition of his contributions to chemical thermody- 
namics. 

Knowles Ryerson, Principal Horticulturist m Charge, Division of For- 
eign Plant Introduction, Bureau of Plant Industry, was elected to membership 
in recognition of his contributions to tropical and sub-tropical horticulture 
and in particular his services as head of the plant introduction work of the 
U. S. Department of Agnculture 

Dr C. L. Shear, Principal Pathologist in Charge, Division of Mycology 
and Disease Survey, Bureau of Plant Industry, was elected to membership in 
recogmtion of his contributions to mycolc^ and plant pathology. 

Dr. A. H. Stang, Senior Materi^ Engineer, Bureau of Standards, was 
elected to membership in recognition of his work in determining the strength 
and other properties of engmeering materials. 

Dr. Georoe Tunnell, Petrologist, Geophysical Laboratory, was elected 
to membership in recognition of Iw work on the phase-relations in systems 
containing iron oxide and copper oxide. 

ANTHROPOLOGICAL SOCIETY 

The Antbropolodcal Society of Washington at its annual meeting held on 
Janua^ 19, 1932, elected the following officers for the ensuing year : Prendent; 
J. N. B. Hewitt, Bureau of American Ethnology; Vice-pressiderU: Mat* 
THEW W. Stirling, Bureau of American Ethnology; Secretary: Frank H. H. 
Roberts Jr., Bureau of American Ethnology; Treasurer: Henry B. Collins 
Jr., U. S. National Museum: RepreserUative of the ArUhropologtcal Society to 
serve as one of vice-presidents of the Washington Academy of Sciences: N. M. 
Judd, U. S. National Museum; Members of the Board of Managers: Biren 
Bonnerjea, Catholic University; George S. Duncan, American University; 
Herbert W. Krieoer, U. S. National Museum; Frank M. Setsler, U. S. 
National Museum; William Duncan Strong, Bureau of American Eth- 
nology. 
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The following is a report of the membership and activities of the Society 
•inoe the last annual meeting, held January 20, 1931. 

Memborship. 

Life members 4 

Active members 66 

Associate members 6 

Honorary members 23 

Corresponding members 22 

Total Ill 

Deceased during year 5 

Associate 1 

Active 3 

Life 1 

Resigned, active 1 

New Members, active 2 

Financial Statement. 

Funds invested in Perpetual Building Asso* 

ciation S1057 93 

21 Shares Washington Sanitary Improvement 

Co., 110 par .... 210 00 

2Sha^ Washington Sanitary Housing Co., 

1100 par 200.00 

Cash on hand 245.75 

Total $1713 68 

BQIs payable 5.80 

Net Balance $1707 88 


Papers presented before regular meetings of the Society were as follows; 

January 20, 1931. Two Small Pueblo Rutne tn the ZuAt Region, by Frank 
H. H. Roberts Jr., archeologist, Bureau of American Ethnology. 

February 17, IMl. Archeological Explorattoru on St. Uiwrence Island, 
Alaska, by Henry B Collins Jr., assistant curator of ethnology U. S. 
National Museum. 

March 17, 1931. The Mound-Builder Cultures of the Upper Mississippi 
VaUey, by Frank M. Setzler, assistant curator of archeology, U. S. National 
Museum. 

April 21, 1931. An Archeological Reconnaissance of the Hawaiian Islands, 
by W. M. Walker, associate anthropologist. Bureau of American Ethnology. 

October 20, 1931 Prehistanc Peoples of the Middle Missouri Valley, 
by Wm. Duncan Strong, ethnologist of the Bureau of American Ethnology. 

November 17, 1931. The Cultural Background of the Present Situation in 
India, by Biren Bonnerjea, Professor of Bengali and Hindustani, Foreign 
Mission School at Catholic University. 

Decmnber 15, 1931. The Indians of the North Pacific Coast, by Edward 
Safir, professor in anthropology, Yale Umversity This talk was the first in 
a smies of five special lectures relating to the Indian tribes of western North 
America. The remaining four lectures were scheduled for the first part of 1932. 

All of the meetings, with the exception of that held December 15, were in 
Room 42-43 of the new U. S. National Museum. The meeting of December 
15tJi was held in the large auditorium of the same building. In accordance 



irlth the otutom of several year’s standing all ol the meetings in Janua^, 
Febniaiy, March and April took place at 4:40 P.M. Beginning irlth tM 
October meeting the time was changed to 8:00 P.M. The wisdom in this 
step was shown by the increase in attendance. Where the afternoon meet* 
ings had an averarc of 25, the evening gatherings passed the 50 mark. The 
special lecture by Dr. Sapib had an attendance of 160. 

The Society was unfortunate in its loss by death of five membm. Dr. 
Gborob a. Dobsbt, associate member, died March 20, 1031. Mr. VicroB 
J. Evans, an active membei\ died February 1, 1031. Dr. Qbobob M. Kobbk, 
life member, died on April 24, 1031. Mrs. Louibb Sdifson, active member, 
died in March 1031. Dr. Herman F. C. ten Kate, active member, died 
February 4, 1031. 

Fbank H. H. RoBEitTB Jr., Seertiary. 

^bituarp 

General Gustave Auoustb Ferric (bom Nov. 10, 1868) died in Paris on 
Feb. 16, 1032, following an operation for appendicitis. He was Inspector 
General of the Military Telegraphic Service of France, Member of the In- 
stitute of the Academy of Sciences, and Commander of the Legion of Honor. 
He visited Washinrton in 1027, when he was President of the International 
Radio Congress held in this city. 

Several institutions in Washington, notably the U. S. Coast and Geodetic 
Survey and the U. S. Naval Observatory, have been closely associated with 
Gen. Febri£ in international cooperative work of a scientific character. This 
was especially the case in 1926, when they cooperated with bun in the world 
longitude determinations, planned and execute under the direction of Gen. 
Ferri£, which were designed to test the Wegener bypotbeeis. 

Dr. Ferdinand Canu, naleontologist of Versailles, France, and known in 
the Umted States especially for the senes of monographs on fossil and recent 
bryosoa published by the United States National Museum, died suddenly 
February 12, at his home, age, 69 years. As a teacher of science m the Paris 
schools, he became an authority on meteorology and paleogeography Later 
be took up the study of the bryozoa and became the leading specialist m this 
field. In 1912 began the joint studies with R S. Bassler upon American 
fossil bryozoa which have continued uninterruptedly until the present and 
have made the National collections of these organisms one of the largest 
extant. 
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MATHEMATICAL PHYSICS. — On the application of AppelVs 
equationa.^ Mahoahst Whbelbe, Waahmgton, D. C. (Com- 
miinicated by Edgar W. Woolaro). 

Both Lagrange’s equations and Appell’s equations describe the 
motion of a body or system of bodies. The latter are the more general 
in that they may be apphed directly to non-holonomic, as well as 
holonomic, systems; a system being holonomic when the number of 
degrees of freedom is the same as the least number of distinct coordi- 
nates, and non-holonomic when the number of degrees of freedom is 
lees than the least number of distinct coordinates. Bnt this advantage 
of Appell’s equations is merely theoretical since Lagrange’s equations 
may easily be modified to apply to non-holonomic problems. More- 
over, the mathematical difficulties in the application of Appell’s equa- 
tions to simple holonomic problems make them less useful. The 
question arises as to whether Appell’s equations have any practical 
advantages at all. There is one, viz., their application to holonomic 
^tems with cyclic coordinates. 

Suppose we have a holonomic, dynamic system of n particles whose 
motion may be described by k ^tinct coordinates represented by q, 

(k - 1, 2, , k). Define T m 2^j^ir;+y? + sjJ. Then La- 

grange’s equations may be written* 


d t \dqj bg. 


Q. 


The “energy of accelerations’’ is ddined as S 


• +»f +•?] 


> B«eeiv«d Jsnuuy 37, 1083 
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and we write Appell’s equations as 







Q. 


where <S' includes only the terms in S involving the accelerations. 
The Q.'s are determined by computing the virtual work, Q^Sq,. 
Since both Lagrange’s and Appell’s equations apply directly to holo- 
nomio systems, we have the identity 

^iq~di\dqj a?, “ 


A cyclic coordinate is defined as one which does not appear explicitly 
in T; that is, it appears only in its derivatives. Suppose there are I 
cyclic coordinates leaving k — I non-cyclic coordinates. The condi- 

dT 

tion for a cyclic coordinate in T may be stated as — - 0, (X - 1, 2, 
Then the above identity reduces to 

itq^~dt\bqj 


Let px represent the momentum of a cyclic coordinate. Then since 

dT 35' . „ , , . dS' 

— - P*, ^ “ Px. For holononuc systems — will always bo 
Ogx dgx 3gx 


integrable since it is identical with ^ \^)- order to identify a 

cyclic coordinate in S' we define it as one which does not appear ex- 
plicitly in S' and then show that this definition is equivalent to the 
definition for a cyclic coordinate in T. 

Whether or not a coordinate be cyclic depends upon how the Car- 
tesian coordinates are expressed in terms of the generalized coordinates. 
When the Cartesian coordinates are expressed as rational, algebraic 
functions of the generalized coordinates, it is easily seen by inspection 
that a coordinate will be cyclic in both T and S' when the relationship 
is linear and non-cyclic in both for cases of higher degree. We find 
by trial that it is impossible to obtain a cyclic coordinate in T or S' for 
a logarithmic or exponential function unless the latter be expressed as 
a particular trigonometric function. We shall now consider this case. 
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Then ± ^ a coaq q 

X - a coaq ^ - asin^g' 

It is evident that x and i* will always contain the coordinates for any 
function of this type. Consider the case, however, when 

X ^ a sin^ 
y a C 085 
« = 0 

We obtain the following expressions for T and S': 

T = ^ [a>j» (sin *9 + cos*^)] “ J mo*4* 


5 ' 


- [o*g* ( 8 in *3 + cos*g)] 


J mo*g* 


This is probably the only way in which we may obtain a cyclic co- 
ordinate for a trigonometric function; that is, by the combination of 
(sine)* and (cosine)* terms. The function above is very simple, but 
we find that we obtain a cyclic codrdinate for complex functions pro- 
vided the cyclic coordinate bears the same relationship to x, y, and z. 
For example, ?i will be cyclic in T and S' if 

- ,g*)8ing, 

Vi “ • » ?*) cos^, 

= Hqs,q*, ■ , qk) 


Since a coordinate is cyclic in S' when it is cyclic in T for all these 
representative functions, we conclude that our definitions of a cyclic 
coordinate in T and S' are equivalent. 

The greatest advantage of the use of a cyclic coordinate is found 
in the case of ignorable coordinates, a special type of cyclic coordinate 
obtained when Q\iq\ vanishes. This is true when Qx = 0. For a 
dS' 

cyclic coordinate — ■ px Qx and px is constant for an ignorable 
ogx 
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oodrdmate. For Lagrange’s equations Routh has introduced a modi- 
fied function by which we may ignore those codrdinates having con- 
stant momenta. Routh’s mo^ed function is 

I 

M mT,- S Px4k 

x-i 

where T, is a function of the cobrdinates and the momenta. Suppose 
that all the cyclic codrdinates are ignorablc. Then we may substitute 
the constant values of the momenta, ax, for px. 


Let /i - 1 -f 1, 1 + 2, . .,k, since there ate h — I non-cyclic codrdi- 

nates. llien the equations of motion for the non-cyclic codrdinates 
in terms of the modified function are 

d t \dqj 

Thus we have reduced the number of equations to be solved simul- 
taneously from kiok - 1. 

In Appell’s equations, is a function of all the velocities, accelera- 
tions, and non-cyclic codrdinates. We have 21 equations expressing 
Px and Px in terms of the coordinates, velocities and accelerations. 
Therefore, we may express the I cyclic velocities and the I cyclic ac- 
celerations in terms of the cyclic momenta and non-cyclic codrdinates, 
velocities and accelerations. When we substitute for qx and qx in 
S', we represent the new function by S',. Then 

^ i X - 1,2, ,l 

as' 

dS' dS', ‘ 

H x-1 dq^ 








whbelbr: appucatiokt or apfell’b equationb 


167 


Define 


N s Sp - s 




bN 

Appell's equations for the non-cyclic coordinates become — = 


Qi,, and 


we call N the modified function for Appell’s equations. 

For the cyclic coordinates we obtain two equations for each co- 
ordinate. 


b^ ^ H 

bp^ bq^ bp^ bp^ 


bSp 


<>P, 


(Px 9x) - 9x 


bN 

Px “ <2x . 

In Routh’s modified function we have px while in N we have px. 
We find a distinct advantage here for ignorable coordinates since 
Px = 0 and N, therefore, reduces to 5,. To illustrate the advantage 
we may apply this to a free particle in a plane as follows: 

I - r cos6 

y = r sin® 


the two equations for 
each coordinate 


r = ^ [r> + r*#*] 


S' - ^ [r* - 2rri^ + 4rrM] 
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We see that $ is cyclic in both T and S'. Now suppose the force per- 
pendicular to r vanishes so that we may ignore $. Then by Routh’s 
modified fimction we obtain 


d /an ^ d 

d< 


(wrV) - 0 


mrV - o (a constant) 


since T 7 - 0 


e 


Twr* 


m r 

2 I 


r* + 


-1 

w‘r>J 


M = T^ 


P.^ 


2 L m*r*J 


If ^ 

dr ~ ^ dr ~ mr* 

d /^\ _ OM ^ ^ 

di \ dr / dr mr* 


Let R = force along the radius. 



We obtain the same equation by using the function N as follows: 
dS' 

~Pt ^ + 2mrrS = 0 

— nir*6 = a 

.a .. 2fa 

$ 02 ■ 9 K ~ 

wr’ mr* 


m r 2ro* 4r*o* 8r*o*1 

2 m*r* m*r* m*r*\ 
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bN _ .. o* 

br mr^ 


- R 


The process is shortened in comparison to Routh’s method since N ■ 
S'. 

We may also compare the advanti^s of Appell’s and Lagrange’s 
equations in the case of a cyclic system. A cyclic system in T is 
defined as one for which T may be represented approximately by a 
homogeneous, quadratic function of the cyclic velocities. In the case 
of a free particle in a plane, ff is cyclic and r is non-cyclic in T, for 

T - i m [r* + r*^*] 

If we suppose that r is small enough so that f* may be neglected in 
comparison with we obtain J mrV* where a cyclic 

system in T. 

Lagrange’s equations for a cyclic system become 



d< Vdg/ 


Q. 


For the above system we have 

- — = - - R 

or 


d( V M / dl 


(mtV) 


re 


To obtain a cyclic system of the same type as above for Appell’s 
equations we must neglect any term in S' containing only r. We find, 
if Si » cyclic system in S', the following: 


S' [2rr^ + r*fi + 4rm 

^ I 


dr 

bS'^ 


— = R 

j (wrV) = re 
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We see that these equations are identical with those obtained by a 
cyclic system in Lagrange’s equations. There are two cases in which 
the two approximations would be identical; namely, when r is con- 
stant and r - r = 0, or when f is constant and very small so that r 
» 0. Since r must always be small even though not constant, it 
could vary over only a small range so that r would have to be small. 
However, r would not necessarily lie of the same order of magnitude 
as r. 

Lagrange’s equations, without doubt, have an advantage over 
Appell’s equations for obtaining the equations of motion of a system. 
But this is only the first step in problems of dynamics. Far more dif- 
ficult is the second one — integrating them. Cyclic and ignorable 
cofirdinates aid in the integration by the reduction of the number of 
equations to be solved simultaneously, and we have found that they 
are as readily recognized in the S' function os in the T function. Fur- 
thermore, we have seen that we need to compute only 5'p ■ AT in 
place of the complete modified function for ignorable cobrdinates so 
that it is really easier to apply Appell’s equations than Lagrange’s 
equations in this cose. 

For the opportunity to do this work the writer is indebted to a San- 
ders Fellowship in Physics at The George Washington University. 


BOTANY. — A new species of Adenostegia from Death Valley, with 
notes on calyx structure in the genus.'^ C. V. Morton, U. S. 
National Museum. (Communicated by Frederick V. Coville). 

Dr. Frederick V. Coville, botanist of the Death Valley Expedition, 
1891, revisited that locality in the interest of the National Geographic 
Society in April, and again in September, 1931. Among the plants 
of his recent collection is a species of Adenostegia (Scrophulariaceae), 
which is here described as new. A revision of this genus was published 
in 1918 by Mrs. Roxana Stinchfield Ferris, of Stanford University,* and 
most of the specimens in the U. S. National Herbarium are annotated 
by Mrs. Ferris. All species of the genus are there represented, most 
of them by material of the type collections. The plant collected by 
Dr. Coville may be described as follows: 

‘ Published by permission of the Secretary of the Smithsonian Institution. Re- 
ceived February 6, 1932. 

' “Taxonomy and distribution of Adtmntegia,'’ Bull. Torrey Club 46: 399-423, pi. 
10-lB. 1918. 
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AdenostegU eremica Coville & Morton, ap. nov 
Herba annua 20-30 cm. alta, valde sed atricte ramoaa, ramia brovibuB ex 
angulo aouto asoendentibua, inferioribua dense purpureo-Kriaeo-puberulia, 
Bupremis plerumque flavido-viridibus; folia ad basin ramorum inferiorum in 
lobia nonnuUiB anguate linearibus valde partita, folia ad baain ramorum au- 
periorum trifida, lobia linearibus revolutis, folia ramorum aimplicia numerosa 
reourva anguste lineana 10-30 mm. longa, apicem ramorum versus minora et 
braoteiformla, oa. 1 2 mm. lata, perspicue rcvoluta, apice glandulam gcrentia, 
folia omnia dense puberula, pilis minutis apice rccurvis nyalinla, ex 2 vel 3 
cellulis conatatia, 80-240/t longis, bosi 17-30^ latia, apicom versus acuminatis 
(rare acutis), hie 4-6 m latia, inflorescentia spicata, rhachi baud ramoaa, 
floribuB congestia aessilibus, capitulis 1-8-flons, in ramis infenonbus solitams 
terminalibus, in ramia aupenonbus plerumque numeroais (usque 9), plus 
minusve secundis (propter pedunculos tortiles); pedunculus brevis, 10-15 
mm. lon^, foliis bractciformibuq numerosis puberulis parvis (2-4 mm. 
longis), inferionbuB simpllcibus linearibus, superioribus tn6dis, omnibus 
apice glandulam gerentibus inatructue; bracteae inferiores baai solum in- 
floreacentiae, baud cum flonbua adspersae, conemne palmatipartitae, plerae- 
que in 5 lobia, 2-7 mm. longis, linearibus apice paullo incrassatis glanduli- 
feris, interdum 2 lobia extremis semol furcatis divisae, puberulac, apicem 
loborum versus pUis granoaia brevibus acriter acuminatis 2 vel 3 cellulis, 
usque 80/1 longia, bosi valde dilatatis hie usque 56/i latia, ct pilia glanduliferis 
breviBsimis, glandula lutca transverse ellipsoidea ca. 17/i alta, 35/i lata, pedi> 
cellis 2 cellulis hyalims, 20-25/1 longis adsperaia, basin bractearum loborumque 
versus pilis hyalims ncc granosis valde elongatis tenuibiis usque ad lOM/i 
longia (plonsque minonbus), apice ca 7/i latis, basi non dilatatis, 17-36/1 latis 
instructoe; bracteae supenorcs, id est, eae flores amplectentcs, oblongae, 10-15 
mm. longae, 4-4.6 ram. latae, integrae (vel perraro in 1 vel 2 lobis lateralibua 
parvis incisae), vix carinatae sweataeve, apice acutac vel plus mmusve ro- 
tundatae glandulam dorsalem gerentes, 5-nervatae ncrvis satis prominentibus, 

B reae vel flavido-virides, ciliatae, pilis hyalinis pluricellularibus interdum 
simis (usque 2 mm ) basi non dilatatis, intua glabrae, extus puberulae 
pilis minutis, etiam scabrae pilis (praecipue m vcnis) bulbils granosis satis 
numerosis oa 350/i longis, ex oa 4 cellulis oonstatis, 2 cellulis infenoribus 
valde dilatatis 140-200/1 latis, cellulis teiminahbus acriter acuminatis; lobus 
calycis spathiformis ambitu lanoeolatus tubulosus antice profunde hssus, 
hie 1.6-3 mm altus hyalmus, postioe 10-16 mm. altus 7 -9-nervatus, nervis 
nonnullis vix prominentibus, apice emarginatus vel bidentatus (dentibus 
usque ad 1.5 mm. longis), putenilus et scaber, pilis eis bractearum superionim 
Bunilibus; corolla purpurascens tubulosa basi cyhndrica sursum ventneosa 
bilabiata, labiis fere aequahbus, postico paullo longiore 15-18 mm. (raro 
solum 10 mm.) loi^o, apice perspicue uncinato stylum amplcctente, antico 
saooato trilobo lobis brevis rotundatis, lobo medio emarginato, tubo corollae 
extus basi glabro, sursum piloso, pilis hyalmis ex ca. 3 cellulis conatatia, 
granosis, patentibus, ca. 300/i longis, 21-25/t latis, apice solum acutis, stamina 
4 did}rma, filamentis liberis in medio corollae insertis dense albido-pilosis, 
antheris 2f-loculanbus, loculo superiore mojoro, 1 2-1 5 mm longo, perspicue 
ciliato, loculo inferiore divergente mmorc soil non abortive ciliato, stylus 
glaber apice aenter uncinatus breviter exsertus; ovanum glabrum apice 
acutum; capsula membranacea glabra apice acuta ca. 9 5 mm. longa; semina 
in capsula ca. 14, oblonga vel obovata, ca. 2 mm. longa, 1 mm. lata, in tota 
supei^cle arete et perspicue favosa. 





APBiL 4, 1932 mobton: a new species or aoenostboia 163 

Type in the U. S. National Herbarium, no. 1,530,679, collected near the 
crest of the Panamlnt Mountains, at the head of Death Valley Canyon, 
California, altitude about 3,000 meters, September 18, 1031, by Frederick 
V. Coville and Arthur F. Oilman (no. 68). Duplicates of this collection have 
been presented to the Philadelphia Academy of Sciences and the New York 
Botanical Garden. 

Additional collections are as follows: (1) Near the crest of the Panamint 
Mountains, at the head of Hanaupah Canyon, opposite Thomdyko’s Camp, 
California, altitude about 2,800 meters, September 17, 1931, by F. V Coville 
and A. F. Gilman (no. 57) ; duplicates of this have been sent to Professor W. L. 
Jepson, Professor LeRoy Abrams, and the Santa Barbara Museum of 
Natural Histoi^; (2) Death Valley slope of the divide between Wild Knee 
Canyon and Hanaupah Canyon, Death Valley, California, altitude about 
2,800 meters, September 15, 1931, by Coville and Gilman (no 28) ; a duplicate 
of this has been sent to the Gray Herbarium. 

A preliminary study of Dr Cimllo’s collection from Death Valley brought 
to light at once several interestmg facts Mrs. Ferns divides the genus 
into six sections. Excluding the sections Amaocheila, Pringlea, and DUrano- 
ategia, which do not concern us, we are left with the three sections Euaden- 
osiegia, Ktngia, and Chloropyron. These arc separated in the key to sections 
as follows: 

Calyx dlphyllous HI. Euadenoategia. 

Calsrx monophyllous 


Inflorescence capitate 
Inflorescence spicate 

In the first place it may be definitely stated that between Ktngia and 
Chloropyron there is no difference in the inflorescence, which obviously is 
spicate in both coses. A more troublesome question arises with respect to 
the structure of the calyx Dissection of A kingii shows that the flower 
possesses a single calyx lobe of a spathaceous typo on the posterior side, this 
lobe, which is deeply bidentate at apex, is nearly as long as the corolla and 
is sharply cut down antenorly to a short tuba scarcely two millimeters high. 
Thus the calyx is definitely tubular at base, the anterior portion being very 
short and hyalme. Originating directly below and partially surrounding 
this calyx is a bract, similar in texture and size but lobed toward the summit. 

This, then, is the structure described as “calyx monophyllous ” It was 
surprising therefore to find, on dissecting a flower of A. wrighlii, a species 
placed in the section Euadenoategia, identically the same structure, a single 
spathaceous calyx lobe partially surrounded at base by a lobed bract. Yet 
the outer bract in this case is considered by Mrs Ferns as a lower calyx lobe 
and described as “ . . tip lanceolate or two- to four-toothed.” Exami- 

nation of a senes of specimens shows, however, that this outer bract is some- 
times entire and sometimes (on the same plant) 3-5-lobcd, the lobing being 
of exactly the same type as in A. ktngn, and consisting of a splitting away 


. ...IV. Ktngia. 
VI. Chloropyron. 
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of the parallel veiDS as they approach the apex. Each lobe therefore oon- 
aists of a central vein and a varying amount of surrounding leaf tissue. Since 
there are five veins in each bract there can never be more than five lobes; 
three appears to be the commonest number. 

Other species of the section Euadenoategia were next examined. They 
were all found to be of essentially the same structure, the outer bract sur- 
rounding the spathaccoua calyx being usually entire. The distinctions be- 
tween the sections as given by Mrs. Ferris are therefore Illusory, the calyx 
being monophyllous in all cases. These dissections showed at once that the 
section Ktngia has no distinctive characters, the species A. kingii being in 
faet exceedmgly close to A. vonghttt. 

The case of the section Chloropyron is also remarkable. In the species 
included in this section the upper calyx lobe is not tubular at base but is 
very similar to the entire bract inserted ofi the opposite side just below it. 
This structure of the calyx and bract might much more reasonably be re- 
garded as “diphyllous" than that in any of the sections of the genus, yet the 
species constituting this section have been described from the time of Asa 
Gray as “monophyllous,” which is undoubtedly true. This circumstance 
illustrates the general misunderstanding of the genus by authors. 

The genus was first proposed as Adenostegia by Bentham,* the calyx of his 
single species, A. ngxda, being described as “bifidus.” Ten years later Ben- 
thom included the genus in his treatment of the Scrophulanaceae for the 
Prodromus^ His desenption of the calyx reads: “Calyx bipartitus seg- 
mentis integns, bracteis 4 incisis suffultus (vel 4-partitu8 bibracteatus?) . . . 
Bracteae cum calycis lacimis 6 , per para imbricatae, 2 exteriores (certe 
bracteae) tnfidae fohis floralibus similes, 2 intermediae (an bracteae, an 
calycis segments?) integrae bifidae vel exterioribus consimiles, 2 intimae 
(calycis segments) acute acuminatae lanceolatae oarinatae concavae, 7-8 Im. 
longae.” 

However, in the “Addenda et Corrigenda”* Bentham changes the name 
of the genus to CordylanUiua Nutt. (Mas.) and desenbes four species: C. 
fibfoltw Nutt.(»Ae(eno 8 fe 0 ia rtgtda Benth), C. ramosus Nutt., C. capitatua 
Nutt., and C. mantimua Nutt. The description of the calyx of Cardylanthua 
Is as follows: “Calyx bipartitus, segmentis complicatis integris vel postico 
breviter bifido.” Under C. marilimua ho says, “ . . calycis lobo postico 

breviasime bifido.” This latter statement indicates than Bentham did not 
consider the calyx of C. maritimua essentially different from that of the other 
species. 

Asa Gray, however, in his revision of Cordylanthu^ separated the genus 
into two sections, Adenostegia and Hemiategta, the first said to be “. . . 

• Bentham in Lindley, Nst. Syst ed. II, 445. 1836. 

‘ Bentham in DC Prodr. 10. 537. 1846 

‘ DC. Prodr 10- 507 1846. 

• Proc Amer. Acad 7: 383. 1868. 
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oalyx diphylloua,” the latter “calyx monophyllous . . ’’ This imaRinary 
distinction has been kept up by authors since Gray, including Wettstein,^ 
who gives a very brief treatment of the genus based wholly on that of Gray’s 
Synoptical Flora. In Fig. 43, J. and K, Wettstein gives an illustration of 
the flower of "Cordylanihua Nevinnyi [sic!] A Gr.” This drawing is so inac- 
curate that it seems impossible that the artist could have hod a specimen of 
the specira, nenmi, before him. 

Professor Jepson’s descriptions* of the species of this genus indicate that 
he regards the oalyx as consisting of one lobe only. Thus he describes the 
oalyx of C. capvtaiua, “oalyx cleft to base anteriorly, 2-nerved, 2-cleft at 
apex posteriorly . . ,” and of C. nevinit, “calyx tubular at base or obliquely 

cleft or parted on the anterior side nearly to base. . Moreover, his 
key departs from all previous keys to the species in not separating the sub- 
genera by the character of the calyx being mono- or di-phyllous. On the 
other hand, in his key to the genera of Scrophulariaoeae ho separates Cordy- 
lanlhus from CaattUeia and Orlhocarpus as follows: “Calyx of 2 distinct divi- 
sions, or the upper division wanting.” It is, of course, impossible ever to 
consider the upper division as wanting. 

Adenoslegia eremioa may be distinguished from related species by the follow- 
ing key: 

Individual flowers bracteolate A. ramosa, A. rigida, and others. 

Individual flowers not bracteolate 

Sterile bracts at base of inflorescence several 
Sterile bracts symmetrically parted mto comparatively broad lobes. 
Inner bracts (i.e. those subtending flowers) entire . . A. eremica. 
Inner bracts conspicuously and sjrmraetrically lobed . . .A. hellerL 
Sterile bracts irregularly parted into filiform lobes; inner bracts 

entire or irregularly lobed A. wrightiL 

Sterile bract at base of inflorescence solitary or absent, irregularly dis- 
sected into filiform lobes; inner bracts irregularly lobed A. IringiL 

The species may be separated also by the following key based on the 
pubescence. 

Hairs on leaves not glandular, dense, recurved, 80-240 m long, 17-30 m wide 
at base, acummate at apex, here 4-6 m wide; calyx and subtending bract 
scabrous, the hairs bulbous, granular, about SSOp long, the two lower 
cells dilated 140-200/< wide, the two terminal acuminate . A. eremica. 
Hairs on leaves glandular at least in part, calyx and subtending bract without 
scabrous hairs. 

Leaves (and whole plant) densely glandular, the glandular haus with a 
4-celled stalk, this about IQp wide at base (tapering to the apex where 

' Wettstein in Engl. A Prantl, Pflanzenfam. IV. Sb: 98 1895 

' W. L Jepson.Manu&l of the flowering plants of California 1925 
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25m wide), and 24(Hi00M long; terminal yellow gland about 50 m 
wide A. heUerL 

Leaves less conspicuously glandular, the stalk usually 3-oelled, not over 
35m wide at base, not over 130m loQSi the terminal gland not over 
35m wide A. Ungli and A. wrlg^tll. 

BOTANY. — A new Dryopteria from Cuba.*^ Carl Christbnsen, 
Botanisk Museum, Copenhagen. 

Some time ago I received on loan from the U. S. National Museum, 
through Dr. William R. Maxon, several specimens of an interesting 
Cuban fern {Dryopteria), with the request that if it proved to be new, 
as Dr. Maxon believed, I should describe it, because of my special 
interest in the American species of this large genus. I did find it new, 
and offer here a description: 

Diyopteris Santas Clarae C. Chr., sp nov. 

Ctentlia, e sectionc D. httia, ab speciebus omnibus hujus soctionis differt: 
lamina basin versus sensun angustata (pumis infimis 3^ cm. longis) ubique 
dense glanduloao-pubesoonte, indusio parvo. 

Rhizome oblique or decumbent, densely clothed with Imear-lanceolate or 
lanceolate, long, acuminate, entire, castaneous scales. Sti{>e variable in 
length, usually 10-12 cm long, densely ennite by narrow long hair-pointed 
scales (about 2 mm. long). Lamina lanceolate, 30-50 cm. long, 15-20 cm. 
broad at middle, narrow^ toward both ends, herbaceous, densely glandulose- 
pubescent throughout by short pale glands and long articulated pale thin 
hairs (the hairs of rachis, costae, and veins rather longer, very soft), bipinnate- 
pinnatifid, rachis crinite like the stipe, but the scales much fewer; pinnae 12 - 
15 imirB, subsessile, alternate, the basal ones 3-4 cm. long, the following ones 
(at distances of 5-6 cm.) gradually larger, the middle ones the largest, these 
10-11 cm. long, 2 5-3 cm. wide, lanceolate, acuminate; pinnules in 15-18 
pairs, the lower ones short-petiolulate, the upper adnate to costa and de- 
current, the largest 2 cm long, 1 cm. broad at base, deltoid, nearly pinnate 
at base (segments deeply pmnatifid), the middle ones 5 mm broad at base, 
tapering toward the acute apex, incised nearly to the midrib into oblique, 
oblong, dentate or repand lobes; costae and costules furnished beneath with 
a few small, light brown, ovate-lanceolate, sometimes subbullate scales; 
veins oblique, not reaching the margin; soii supramedial, a little below the 
tip of the vein; indusia small, brown, subpersistent. 

Type in the U. 8. National Herbarium, no. 1,301,333, collected at I>a 
Siguanea, mountains of the Siguanea-Trinidad group. Province of Santa 
Clara, Cuba, on shaded perpendicular cliffs, February 14, 1924, by E. L. 
Ekman (no. 18462). The following additional specimens, all from the Pro- 
vince of Santa Clara, are at hand : Trinidad Mountains, alt. 470-1,050 meters, 
Bntton A Britton 5101; Bntton & Wilson 5298; Jack 7040, 7108, 7238, 7885; 
San Bias, alt. 180-240 meters. Jack 6508. 

This new species of the group of D. hirla, which is very rich in forms in 
Hispaniola and Cuba, differs chiefly from the other West Indian species by 

* Received February 15, 1032. 
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its leaf being oonsiclerably and gradually narrowed below. From its nearest 
relative, D. nemorom (Willd.) Urban, it Offers further in its dense pubescence, 
smaller indusia, and few buUate scales, or the scales sometimes wantmg. 
like other species of this group, it seems to be local. 

BOTANY . — Marine algae from the islands of Panay and Negros {Philip- 
pines) and Niuafoou {between Samoa and Fiji).* Marshall A. 
Howe, New York Botanical Garden. (Communicated by Wil- 
liam R. Maxon.) 

In April, 1931, Dr. William R. Maxon, Associate Curator, Division 
of Plants, of the United States National Museum, sent to the writer 
small collections of algae made by Lieut. H. C. Kellers, M. D., of the 
Medical Corps of the United States Navy, who was attached as sur- 
geon to the Naval Eclipse Expeditions of 1929 and 1930. The speci- 
mens of algae, though excellent and well preserved with the aid of 
alcohol, were evidently incidental to more extensive collections of 
insects, reptiles, fishes, birds, amphibians, mammals, moUusks, echino- 
derms, corals, and other marine invertebrates, all of much scientific 
interest, as indicated in a preliminary way in the annual reports of the 
United States National Museum for the years 1930 and 1931. 

Scattered references to the algae of the Philippine Islands have 
appeared in the earlier phycological literature. Blanco, in the two 
editions of his “Flora de Filipinos,” 1837 and 184.5, describes a dozen 
or more species of algae, more or less recognizable, using for the most 
part previously existing names, without citation of authorities. More 
comprehensive was the report of G. von Martens on the algae of “Die 
Preussische Expedition nach Ost-Asien”* in 1866, in which 75 species 
were listed as occurring in the Philippines, including four from fresh- 
water. 

Dickie,* in a report on the algae of the Expedition of H. M. S. 
Challenger, enumerates 47 species from the Philippines. 

Piccone* lists 9 species from the island of Ticao and 9 from Luzon 
(Cavite). A later paper by the same author* adds 2 species and one 
variety to this list. 

In 1911, Dr. E. D. Merrill, then botanist of the Bureau of Science 
at Manila, forwarded to the present writer for determination a col- 

* Received for publication March 2, 1932 

•Bot Theil. 

•Journ Lmn Soc Bot IB: 242-246 1876 

* Alghe del viaggio di circumnavigassione della Vettor Puani, 89, 90 1880 

* Nuove alghe del vioggio di circumnarigazione della "Vettor Fisani ” Mem Reale 
Acead. d. Lincei IVa 6. 63. 1889 
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lection of 229 numbers of Philippine algae, collected by himBelf, Dr. 
W. R. Shaw, and others. After studying and reporting upon a part 
of this collection, the writer, then engaged in a study of the marine 
algae of the West Indies and Peru, asked permission to turn the col- 



Chaetomorfha Kellbbhii M A. Howb, up nov (Type apecimen; natural aize.) 

lection over to Mr. F. S. Collins, who was then working on the algae 
of the Philippines as represented in collections made by naturalists of 
the United States Fish Commission attached to the S. S. Albatross. 
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Ldter, Dr. Merrill sent approximately 300 specimens directly to Mr. 
Collins. Mr. CoUins, at his death in 1020, left a manuscript on the 
Philippine algae that was nearly ready for publication, and this came 
into the possession of The New York Botanical Garden with Dr. N. L. 
Britton’s purchase of the Collins algal herbarium in 1922 and his 
donation of it to the Garden. In October, 1928, this Philippine manu< 
script was turned over to Professor William Albert Setchell of the 
University of California, who with a Mr. Mansa, a Filipino student, 
was then preparing to make a special study of the marine algae of the 
Philippine Islands. The following list of 21 species from Panay and 
Negros islands is to be looked upon as a modest contribution to the 
more extended treatise that is to be expected from the University of 
California. 

Z. AliOAE COLLECTED OU PANAY ISLAND, PHILIPPINE ISLANDS, BY LIEUT. H. C. 
KELLERS, 1929 

CHLOROPHYCEAE 
Entbhomohpha linqulata J. Ag. 

Chaetomon^ Kellersli M. A Howe, sp. nov. Figure 1. 

Filamentis longis fuscis libens plus mmusve tortis et intricatis, 200-460** 
orassis, ad septa vulgo leviter constnctis, allantoideis, cellulis diametro 2-4 
(-7)-plo longionbus, brevi-cylindricis aut subclavatis, saepe irregulariter 
constnctis vel subtortis, in siccitate saepe valde, interdum altematim, colla- 
bentibus, panetibus nu^ice tenuibus, maximam partem 3-18** crassis. 

A Ch. Lino (O. F. Muell ) Kuetz. m filamentis crassioribus fuscis, cellulis 
longioribus polymorphis plus collabentibus, a Ch. iorta (Farl ) Yendo fila- 
mentis tenuionbus fuscis, cellulis longionbus polymorphis, etc., differt. 
Caulerpa cxavifera (Turn.) Ag 
Caulerpa macrodibca Decaisne 
Acetabularia MAJOR Martens 

PHAEOPHYCEAE 
TuHBINARIA C 0 N 01 DE 8 (J. Ag.) KOtz. 

Padina distromatica Hauck 

RHODOPHYCEAE 
Galaxaura fabtigiata Decaisne 
Geudivm rioidum (Vahl) Grev. 

Eucheuma muricatum (S. G Gmel.) Web.-v. Bosso 
Gracilaria comprebsa (Ag.) Grev. 

Gbaularia lichenoides (L.) Grev. 

Acanthofhora orientalis j. Ag 
Lithophyllum sp., on Oeltdtum ngtdum. 
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It. ALGAE COLLECTED ON NEGBOS ISLAND (OCCIDENTAL), PBILIPFINE ISLANDS, 
BY LIEUT. H. C. KELLEBS, APB. 20, 1920. 

PHAEOPHYCEAE 
Sabgassum polycybtum Ag., var. 

Sabgassum siliquosuh J. Ag. 

Dictyota dichotoua (Huds.) Lamour. 

Padina austbalis Hauck 

RHODOPHYCEAE 
Hypnea MUSciFORMis (Wulf.) Lamour. 

AcANTHOPHOHA ORIENTALIS J. Ag 
Spyridia filamentosa (Wulf.) Harv. 

Auphiroa fragiusbiua (L.) Lamour. 

III. algae collected on NIUAFOOU island, by LIEUT. 

H. C. KELLERS, AUGU8T-OCTOBER, 1030 
Niuafoou* Island is a partly submerged volcanic crater in the Pacific 
Ocean in latitude 16“ 33' 55" S. and longitude 175“ 37' 46" W., and lying 
between Samoa and Fiji. "Good Hope Island" appears as a synonym on 
some of the nmps. The name given to it by the discoverer, Captain Edwards, 
in 1701, is said to have been "Proby Island." It has also b^n nicknamed 
"'rtn-can Island,” from the method of delivering the infrequent mail by throw- 
ing It overboard in a scaled can from the visiting steamer. So far as is known 
to the writer, no algae have been previously reported from this island. 

MYXOPHYCEAE 
Lyngbya majuscula (Dillw.) Harv. 

CHLOROPHYCEAE 
Siphonocladub infestanb Setch. 

Valonia Aegagropila Ag. Sept. 14 and Oct. 12, 1930. 

Valonia fabtigiata Harv. Sept. 11 and 17, and Oct. 1 and 12. 

PHAEOPHYCEAE 

Ectocabpus sp., near E. Mticheliae Harv., on Laurenciaflexilia. 

Sargabbum anapEnbb Setch. & Gard. Sept. 29 and Oct. 1. 

Sargabbuic cRiBTAEFOLiuM Ag. Oot. 1, 2, and 4. 

Turbinaria ornata (Turn.) J. Ag. 

RHODOPHYCEAE 

Actinotrichia riqida (Lamour.) Decaisne. 

Laurencia FLEXiLis Setch. Aug. 20, Sept. 17, Oct. 1 and 16. 

Jania capillacea Harv. 

Amphiroa fragilibbima (L.) Lamour. 

* SometimeB spelled Niuafoo, Niuafou, and Niuafu. 
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PALEOBOTANY.— -A new Oak (Quercus perplexa) from the Miocene 
of the western United States.^ Edward W. Berry, Johns Hopkins 
University. 

In 1902 Knowlton described the basal part of a leaf from the Mascall 
beds at Van Horn’s ranch in the John Day basin (Grant Ci^ounty), 
Oregon, which, because it had an inequilateral base, he mistook for a 
leaflet of a compoimd leaf and named Sapindus oregonianus* 

Only this sinfde type specimen was collected and no other specimens 
have ever been referred to in print. Some years ago Messrs. C. P. 
Ross and J. Heupgen collected a second specimen from the northwest 
comer of Section 19, Township 7 South, Range 46 East, near Richland, 
Baker County, Oregon (U. S. Geol. Survey Locality 7.515). The latter 
came from light colored diatomaceous beds interbedded with Columbia 
lavas. It was submitted to the late Dr. Knowlton who identified it as 
Sapindiis oregomanm. It is undoubtedly identical with the Mascall 
leaf to which that name was given, and shows three complete leaves, 
which I suppose Knowlton mistook for leaflets. 

A glance at the accompanying illustration shows at once that this 
is not so, but that the specimen shows the distal portion of a very thick 
twig, and that the leaves are alternate in habit. This eliminates 
the genus Sapindus from further consideration although the venation 
is not very different from that of a number of forms from the western 
Miocene which have been referred to that genus. 

The next question to decide is what genus these leaves do represent, 
and this is not an easy decision. I first looked through the associated 
Mascall species. Among these the only form at all similar to what 
was called Sapindus oregonianus]a one Knowlton called Saltx perplexa.* 
This is very similar in both form and venation, but tends to be some- 
what smaller, more narrowly cuneatc at the base, and more nearly 
equilateral, although the small leaf shown in Knowlton’s figure 7 is 
quite inequilateral. Incidentally his figure 8 belongs to an entirely 
different species. It may be noted that one of the leaves of the present 
figured specimen is decidedly inequilateral, one is much less so, and 
the third is not at all inequilateral, thus showing that this feature is 
of no significance. 

Knowlton compared his Salix perplexa with the existing Salix 
heblnana of the northern Rocky Mountain region and elsewhere, but 
I can not see any such resemblance. The latter is frequently serrate, 

» Received Feburary 8, 1932. 

• F H Knowlton. U S Geol Survey Bull 904: 79, p 15, fig 3 1902. 

• F. H Knowlton U. 8 Geol Survey Bull 904. 31, p. 2, figs 5-8. 1902 
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the secondaries are fewer and more ascending, and the twigs are pu- 
bescent or puberulent. Moreover it has conspicuous stipules, of 
which there are no traces in Knowlton’s figure 5, or in the excellent 
specimen which is the subject of this note. The latter should cer- 
tainly show traces of the stipules if they had ever been present, par- 
ticularly as it is a terminal twig. 

I am inclined to think that Sajnndm oregonianus and Salix perplexa 
represent the same botanical Miocene species, but that it is not a 
Salix. It can not be a Sapindua because of the habit, and although 
the venation does not preclude such an identification it seems to 
me to be more like that in many entire leaves of the genus Quercua, 
although in the latter the secondaries are apt to be more widely 
spaced. 



Figure 1 Quercus perplexa (Knowlton) Berry. 

It seems ridiculous to describe a new oak from this region and 
horizon when one holds the often expressed conviction that there are 
already far more nominal species of Quercua than there were botanical 
species, and yet, in dealing with no other parts of the plants than leaves, 
I know of no other course, and it is justifiable if it is kept clearly in 
mind that all that is being done is recognizing a certain leaf-form 
which may have belonged to a botanical species with dimorphic or 
polymorphic foliage, like so many existing species in the west, south- 
west, and in Mexico. 

The last mentioned region at the present time also affords justifi- 
cation for the assumption that, with the progressive aridity in parts 
of the west during the later Tertiaiy, new species came into existence. 
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many of which may have been the ancestors of the existing species of 
the Mexican plateau and of the Sierra Madre mountains which border 
it. Certainly a considerable number of species of Miocene Quercua 
have foliage closely comparable with existing Mexican species, and 
this has been pointed out in connection with the printed discussion 
of some of them.< 

The new species, assuming that it comprises both what has been 
called Salix perplexa Knowlton and Sapindua oregonianiia Knowlton, 
takes the specific name of the first of these, which not only has priority 
of position, but is fortified by the fact that the name oregoniana has 
already been used for a different species in the genus Quercua. The 
new species is therefore culled Quercua perplexa, and may be redescribed 
as follows: 


Quercus perplexa (Knowlton) Berry 
Fig. 1. 

Leaves of variable sise, ranging from 2.25 to 5 5 centimeters in length, and 
from 1.2 to 2.6 centimeters in maximum width Outline elliptical-lanceolate 
to ovate. Base cuneate, abruptly narrowed to the petiole, and frequently 
Inequilateral. Apex usually cuspidate Margins entire, more or less revolute. 
This is well shown on the right side of the largest and the left side of the 
smallest leaf here fibred. Texture coriaceous. Petiole short and very 
thick, not over 5 millimeters in length Midvein very stout and prominent 
proximad, conspicuously less so distad. Secondaries about 12 pairs, sub- 
parallel, rather straight, sometimes one of the secondaries will be dichoto- 
mous from near the base; they all diverge from the midvein at wide angles 
and are abruptly camptodrome well within the margins. Tertiaries campto- 
drome in the marginal regions, forming open polygonal meshes between the 
secondaries 

I have not seen any modem species in which all of the leaves are exactly 
like the fossil, but there are a considerable number of modem species with 
polymorphic leaves in which occasional leaves are very similar or identical 
with what I have called Quercua perplexa. 1 mention a number of these 
below, but do not think that they have anything more than a generic signifi- 
cance. For the most part all show considerable variation and tend to have 
entire leaves on old trees, and variously toothed margins on young trees or 
shoots— environments being apparently the guidmg influence. I refer to 
species such as xoialiteni DeCandolle, obloTigifolia Torrey, emoryt Torrey, 
aritonica Sargent, ehryaolepia Liebman, and engelmannt Greene Doubtless 
other existing species from farther south could be enumerated. 

It seems to me that, from the features shown and the considerations just 
mentioned, the present redetermination is abundantly justified 

* See for example the diacuseioDa of Quercua mccanm, Quercus stmulala, and Quercua 
Ireleaeti in U. S. Geol Survey Prof. Paper 170: 36-37. 1931. 
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ETHNOBOTANY — Mexican folk remedies of Chihtiahua.'^ Robxrt 
M. ZiNOO, Department of Anthropology, University of Chicago. 
(Communicated by Paul C. Standlkt.) 

This paper deals with the remedies used by the Mexicans of the lower 
and lower middle classes of the State of Chihuahua, in clear distinction 
from the primitive Tarahmnara Indians, who furnish a few and the 
most important of them. While engaged in a study of the material 
culture of the Tarahumaras of the southern part of the State of Chihua- 
hua, the writer had occasion to observe the prominent place in that 
culture occupied by medicinal plants, which will be described in an- 
other publication. These Indians collect several plants of such general 
esteem by their Mexican neighbors as to be worth the long foot-trip 
down from the distant Sierra to the capital city of Chihuahua, a dis- 
tance of a hundred and twenty miles. 

In general, it is quite apparent from the business of the boticas, that 
Mexicans are great believers in medicines; and none of them would 
be satisfied with a doctor’s visit if he did not prescribe at least a half 
dozen different medicines, none of which does any harm. And so 
among the lower classes who can not afford the luxury of medical men 
and mixtures from the bolica, a great profusion of medicinal herbs are 
relied upon, the virtue of which is largely that they, also, do not harm. 

These data are not submitted as a contribution to medical knowledge ; 
but they do involve more than mere curiosities in human behavior. 
Many of these medicinal plants show a far-reaching diffusion of 
technique in preparation for the identical ailment, rather than local 
and chance beliefs. JcUropha as a remedy for scratched eyes was 
carried by the Spaniards to the Philippines, where it gained the identi- 
cal folk use. 

The lore attaching to plants forms an important aspect of primitive 
and folk cultures which has not had adequate treatment by students 
of human culture. As Dr. Laufer says: "Cultivated plants are an 
essential element in the history of human ecology and civilization, 
and their study must be grasped in the sense of a cultural movement." 

This paper is submitted in the thought that, though a meagre 
catalog of remedial plants, it is a slight addition to our knowledge; 
which, like Redfield’s Remedial Plants of Tepotilan, will eventually 
build up a literature very valuable to the ethnobotanist who attacks 
the great problem of plants in Mexican culture. 


' Received February 29, 1932. 
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Nothing could be more simple than gathering the material for such 
contributions. The present writer spent three hoiuB in the special 
booth for medicinal plants in the public market of the city of Chihua- 
hua, buying the different plants and noting on the envelopes containing 
them the local names and the uses, as well as the locality and the 
method of growing the plants. 

For the value and coherence of this material, the reader is indebted 
to Mr. Paul C. Standley, of Field Museum of Natural History, who 
was generous enough of his wide knowledge of Mexican plants to 
identify and arrange these species, for which assistance the writer is 
deeply indebted. 

Two wide-spread Mexican folk beliefs about animals may be men- 
tioned. Injuries .to the head, and headache, are thought to be caused 
by entrance of air through the ears. The bright feathers of the rare 
and magnificent giant woodpecker {Campephilia imperialis) are 
thought to be especially valuable as ear-muffs to prevent this. Con- 
sequently the Mexicans have practically exterminated this splendid 
biiri in the Sierra Tarohumara. The well-known Tiger Salamander 
{Ambyatoma tignnum), which the Mexicans universally call by its 
Aztec name axolote, is common in the Sierra. Tarohumara in its larval 
form. In color it is spotted black and yellow, and is aciuatic and 
has gills. The larval form is able to reproduce for generations and 
remains aquatic, though if the water disappears it becomes adult and 
terrestial. This ugly, though of course harmless, animal is the object 
of a widespread belief among the Mexicans, which the writer en- 
countered in Chihuahua and New Mexico, It is thought to be 
especially dangerous to women, who are careful about nearing rivers, 
and would never sleep near them for fear of the animal entering their 
bodies. 

There is a very widespread belief in Mexico about a fictitious plant 
which they call “quiebra muelas,” — molar-breakers. The belief was 
noted in Chihuahua. These plants are supposed to be very corrosive, 
and therefore dangerous to carry on the person. Ground up and placed 
on an aching tooth or the gums adjacent, they cause the tooth to be 
broken up and fall out. 

POLYPODIACEAE 
1. Notholakxa sinuata (Sw.) Kaulf. 

Calahua del tndw. Name is usually calagvala This fern is esteemed as 
an excellent remedy. The decoction is drunk as a treatment of Inflammation 
and bruises. 
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SELAQINELLACEAE 

2. Shlaoinblla bf. 

Flor de vena. This "resurreotion plant” is brought by the Tarahumaras 
from the Sierra Madre to be sold to the Mexioans, by whom it is appreoisted 
as a remedy for colic and indigestion. 

EQUISETACEAE 

3. Equisetuh hiemale L. 

Cola de eabdUo (Horse’s tail). This horsetail or scouring rush is planted 
by the Mexioans in gardens near running water. Its decoction is drunk 
idthout sugar as a remedy for pains in the kidneys. 

LILIACEAE 

4. Yucca bp. 

Flor de palma. The flowers of the ^cca plant are dried and brought con- 
siderable distances to Chihuahua, where they are sold. Their decoction is 
drunk as a remedy for colds. 

AMARYLLIDACEAE 

6. Agave bp 

Atnole. The thickened roots of small agaves are collected by the Tara- 
humaras and brought down to the city of Chihuahua, for sale in the herb 
market. They are used like soap for washing clothes. 

SAURURACEAE 

6. Anbmopsib californica H. & a 

Hoja de babtea. This plant is grown in Mexican gardens along running 
water. The loaves and fleshy roots are boiled and the decoction used as a 
wash for sores and boils It is the yerba manaa of southern California. 

JUGLANDACEAE 

7. JuGLANB MAJOR (Toit.) Heller 

Nogal. From walnut leaves is prepared a beverage that is drunk like tea 
with sugar. 

POLYGONACEAE 

8. ErIOQONUM TEKELLUM Torr. 

Chuchaca. Mexicans bring this plant from the mountains to Chihuahua, 
where it is sold as a remedy. The plant is boiled and its decoction drunk 
as a purgative. 

AMARANTHACEAE 

9. AmARANTHUB PANICULATUB L. 

QusZite morado. The decoction is drunk by pregnant women as a remedy 
against morning sickness. 

LAURACEAE 

10. Litsea qlaucebcens H. B. K. 

Laurel The leaves of this laurel tree are very fragrant, and when boiled 
make a very tasty and refreshing tea, with su^r. The Tarahumaras, who 
appreciate it only as a medicine, especially since they do not have sugar, 
harvest considerable quantities of the leaves and bring them to Chihuahua, 
where they bring a good price. 
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The Mexicans not only appreciate laurel as a tea, for which they use It 
more commonly than the more expensive and less frag^t A^tic teas, but 
they also attribute to laurel medicinal properties. They say that the de< 
oootion, drunk with sugar, is a remedy helpful for gas in the stomach. 

ROSACEAE 

11. Pbunub CAPUII Cav. 

Corteza de capulln. The wild cherry is a mountain tree, brought from the 
Sierra Madre by the Mexicans for sale. Its bark is boiled and the decoction 
drunk as a tea, without sugar, in the treatment of colds. 

LEGUMINOSAE 

12. Prosofib CHiLENBia fMol.) Stunts 

Corteza de mez^ite. The decoction of mesquite bark is drunk as a purga- 
tive and to clarify the urine. 

13. ZoRNiA DiPHYLLA (L.) Pers. 

Hterba de Mora (Rattlesnake weed). This is esteemed by the Mexicans 
for colds and fevers. The decoction is drunk by children, though often adults 
mix it with their liquor (aotol). 

ZYGOPHYLLACEAE 

14. LaRBGA TBlDENTATA (DC ) CoVllle 

Wame gobemadora. The characteristic “creosote bush" of the Chihuahuan 
desert. The branches are picked from the fields, and saved for their medici- 
nal uses. They are fried with lard and used hot as a poultice in the treatment 
of rheumatism. 

RUTACEAE 

15. ClTBTTB LIMOKIA Osbeck. 

Limdn. Lemon peel is ground with the seed of the avocado (Per sea 
amencana Mill.) and used warm as a poultice. 

Orange peel is burned in charcoal braziers as a preventive of headache. 

16. Rttta cralepenbib L. 

Ruda. Grown in Mexican gardens for the use of its decoction for “air in 
the intestines and stomach." Rue is a European plant 

Ruta gramolena; “Its odor is very strong, its taste sharp and bitter. Con- 
tains a glucoside, rutine, and an essential oil to which it owes its physiological 
properties. . . It exorcises locally an irritating action on the skin and 
mucous membrane. Used internally it can cause gastro-enteritic accidents 
with spasms and convulsions. It is employed as a stimulant to uterme con- 
tractions and against hemorrhages. Only indirectly it produces abortions." 
(Farmacopea L^tno-Amertcana, p. 565.) 

EUPHORBIACEAE 

17. Croton monanthogtnub Michx. 

EnamUa. This low herb of the spurge family is cultivated in Mexican 
gardens, or the plants are gathered on the plains It is boiled and “drunk 
with sugar as a cordial, when one cannot dnnk coffee ” 

18. Euphorbia bp. 

Hterba de la gdondnna. A prostrate herb, gathered from the fields and 
used by the Mexicans in treatments of boils and ulcers. The decoction is 
used as a wash; and then part of the dry leaves are ground up and dusted on 
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the cleaned lesion on the skin. Throughout Mexico and the southwestern 
United States similar spurges have high repute as a remedy for rattlesnake 
bites. 

MALVACEAE 

19. Malva farviflora L. 

Malm. This mallow is commonly planted in gardens by Mexicans, or 
bought, its decoction being appreciated by women as a douche. 

LOGANIACEAE 

20. Buddleia scordioidbb H. B. K. 

EaeobiUa. A pale, woolly shrub with flowers in spherical heads. The 
decoction is drunk as a purgative. 

APOCYNACEAE 

21. Macrobiphonia hypoleuca (Benth.) MucU. 

Rosa de San Pedro. The Mexicans bring this plant from the mountains. 
It is a small shrub with beautiful, large, white flowers. Its decoction is 
esteemed for bathing infected eyes. 

CONVOLVULACEAE 

22. Dichondra aroentea Willd. 

Orejuela de raion (Mouse’s ear). The plant is a diminutive creeping herb 
with silvery, kidney-shaped leaves. The decoction is drunk as a rem^y for 
jaundice. It is thought also an excellent remedy for “frights,” to which are 
attributed many ills among the Mexican folk as well as the Indians. 

HYDROPHYLLACEAE 

23. Nama undulatum H. B. K 

Ventostdad. This plant is grown in Mexican gardens for sale as a folk 
remedy. Its decoction is drunk for the common digestive disorder of gas 
on the stomach. Of its efficacy the herb vender told me that when so taken, 
“then the balloon on the inside goes down.” The Mexican name for the 
plant, ventostdad, means “windiness” or “gas on the stomach.” 

VERBENACEAE 

24. Lippia Behlandieri Schauer. 

Ortgano. The dry leaves of this aromatic shrub are pulverized and 
sprinkled on food as a seasoning. The decoction is drunk as a remedy for 
colds. 

LABIATAE 

25. Mentha sfic'ata L. (Spearmint) 

Hterbabuena. The plant is commonly grown in gardens. The decoction 
is drunk for indigestion. 

“It has stimulating properties; it is an antispasmodic, being generally 
administered as an infusion. It is much used in folk medicine in tUs way.” 
{Farmacopea IxUtno-Amencana, p. 393). 

SOLANACEAE 

26. SOLANUM ELAEAQNIFOLIUH CaV. 

Tromptllo. A field weed. The berries are used to curdle milk after boiling, 
in the Mexican cheese-making technique. The plant bears the same name 
in New Mexico and western Texas, where it is employed for the same purpose. 
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PLANTAQINACEAE 

27. Plantaoo major L. 

SemiUadellantin, Matorciiadellanlin. The seeds of plantain are planted 
in Mexican gardens because of the medicinal use of the plant, which is com- 
monly boiled and its decoction drunk as a remedy for d 3 rBentery or diarrhea. 

"SemtUa de llanUn. Matorquila de Uantin. The greater part of these 
contain in their seeds inverted sugar emulsion; also a glucoside that can be 
crystallized, identical with the aucubine of Auexiha japontca. The whole 
plant is used as an astnnmnt, and its juice is employed in folk medicine as 
a febrifuge, and against the bites of rattlesnakes (?'). It does not give re- 
sults.” {Farmacopea Latino- Amencana, p. 432). 

COMPOSITAE 

28. Chrysactinia mgxicana Gray 

Damtana. Ilterha de San Ntcolda. The Mexican women esteem this 
small aromatic shrub, which they boil and dnnk as a tea in the belief that it 
is helpful during pregnancy. 

“Various extracts from this plant have been given to animals, and result 
non-tonic and have no physical action (*). The decoction and tmeture of 
the plant have been applied to see if the plant had any tonic effects The 
results BO far have been nil, but the numl^r of experiments to date has not 
been sufficient to prove whether or not it exercises any tonic action.” {Farma- 
copea LaUno-Amencana, p. 454). 

29. Artemisia mexicana Willd. 

Istafiate. This is a common Mexican herb remedy, the decoction being 
drunk by children for colic. Adults sometimes ilnnk it m liquor. The 
plant has a bitter flavor. 

“It is used in Mexico as a substitute for true ajenjo (Artemisia Absinthium] 
from which absinthe is made) since it has very similar properties 

It contains an essence and santonine, the latter in the inflorescences to 1 24% 
“The tincture does not produce any action local or general, and is not a 
tonic. It retards the action of the gastric juice, and slows up digestion. 

“Its essence paralyzes the movements of the frog, leaving its sensibility 
intact, however It appears less poisonous than the essence obtained from 
Artemisia Absinthium. The plant may be employed as an anthelmintic, and 
to modify sensibility. There is a common folk belief that it works as a 
stomachic. In some cases it appears to operate as a light aperitive.” (Farma- 
copea Latino-Amerciana, pp. 306-7) 

30. Brickellia sf. 

Pestdn. Gathered from the fields and saved to boil, the decoction being 
used as a purgative. 

31. CiRsiuM UNDOLATUM (Nutt ) Sprcng. 

Cardo santo. The decoction of this native thistle la used for bathing swell- 
ings 

32. Dyssodia acerosa DC. 

Hterba del amero. This is an aromatic field weed which is dried, and its 
decoction driink as a purgative. 

33. Flourbnsia cErkua DC. 

Hojasin. This plant is a resinous shrub, that is gathered from the fields, 
and a small amount of the decoction drunk as a purgative. It is so strong 
in action that only a Uttlo is taken. 
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34. Gnaphaliuii WRiOHTn Qny 

MamaniUa del Ho. This La a woolly herb from the Sierra Madre whioh is 
brought to Chihuahua by the Mexioans. It finds a sale, since they think 
its decoction good for colds. It may also be used as a wash for sores and 
ulcere. 


36. Matricaria Courrantiana DC. 

MamantUa de Castilla. This small white daisy is a favorite plant in 
Mexican gardens, its decoction being used as a hot douche. 

M. ChamomiUa L. (Compositae). “In the markets the heads are found 
for sale, with more than 5% of the stalks and foreign substances. . . . The 
odor of the plant is ammatio and agreeable, its taste aromatic and sour. 
Contains a volatile acid dark blue in color which is soluble in alcohol. It is 
a tonic and stimulant to a dose of 16 grains. In large quantity it is an emetic.” 
(Farmacopea Latino-Amencana, p. 348). 


36. Taqetes erecta L. 

Flor de muerto. Sempual. The garden marigold is grown in Mexican 
gardens for use and sale as a medicine, as well as for ornament. Its decoction 
is thought to be an excellent remedy for diarrhea. 

37. Taoetes lucida Cav. 

Hterba anU. The decoction of this strong-scented plant is drunk for colic 
and wind on the stomach. It is often taken with honey. 

“This is one of the most widely used medicinal plants of western Mexico. 
The species has a wide distribution. The plants gathered by the country 
people are made up m small bundles and dried, and then put away for use. 
It is made into a tea, and supposed to have numerous virtues, includmg ef- 
ficacy against scorpion bites, fever, ague, etc. 

“Dr. Palmer says that in Colima it is made into an insect powder. This 
is the same plant as the Santa Marbi of the Cora Indians.” (Rose: Notes 
on the Useful Plants of Mexico, p. 231 ) 

38. Taoetes ihcrantha Cav. 

AniaUlo. A small, weedy, strong-scented herb, whose decoction is drunk 
for stomach trouble. 


39. Zinnia grandiflora Nutt. 

Ctnco Uagas. A weed picked from the fields, a relative of the garden zinnia. 
Its decoction is drunk as an astringent for diarrhea. 

40. Cacaua decouposita Gray 

Maiartque (Mex.); pt~tcd-m (Tar.) This is one of the most esteemed 
medicinal plants furnished by the Tarahumara Indians of the barrancas to 
the Mexioans of Chihuahua. There they consider it a cure for diabetes, and 
ray the Indians a good price for it. The plant is listed in the Farmacopea 
Lalino-Amencana, which supplies these data; 

“It is a plant of a meter in height, flowers m September and October. The 
root is aromatic and presents, upon breaking, an abundant zone of yellow 
resm. It comes from the mountains of Santa Cruz (Sonora), and Mapula 
(Chihuahua). 

“The root is employed, since it contains two resins, essential oil, glucoside, 
tannic acid, and grease. The hydro-alcoholic preparation of the root acts 
to paralyze the motor system of the striated muscles, and the heart; it pro- 
duces a light anaesthesia by its local peripheral action. 

“The tincture favors scarification of the tissues when applied on ulcers, 
wounds, etc., by its antiseptic action owing to a coating that it forme. 
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“Given internally, it produces emetic and cathartic effects, and general 
retardation, but on occasions its use has caused chloroform accidents of a 
grave nature. 

“Rheumatic pains, especially of the joints, as well as neuralgic pains are 
calmed by its application in loco dolenU. The rapid scarification of ulcers 
and wounds is favored by washing them with a mixture of the tincture in 
water, or by the tincture alone. 

“In the hospital of San Andr^ they used the same tincture as a purgative, 
but the results were variable; with two doses up to 100 grams chloroformic 
accidents occurred involving the heart. With two doses of 30 grams no 
purgative effects were obtained, and its use only succeeded in calming indi- 
gestion and headache. 

“The ordinary preparation is the tincture of the root (one part of the root 
to five of alcohol or an 80% solution). It is administered internally in doses 
of 30-100 grams with variable effects. Externally it is applied as a sedative 
of pain by rubbing the locum dokntem. As a vulnerary it is mixed with equal 
parts of water.” 

This plant, after being pounded and boiled for fifteen minutes, is used by 
the Tarahumaras as an mtemal remedy for colds. Its properties as a vul- 
nerary are understood by them, as they wash wounds in its decoction. Its 
paralytic effects on the central nervous system are utilized by the Tarahu- 
maras, whom I saw using it as a fish poison, in water retamed by damming. 

The purgative property of the plant is also known to the Tarahumaras. 
A bundle of the roots that can be encircled by the thumb and finger is ground 
on the metate. This is drunk with plenty of warm water. The Indians say 
that it is a very drastic purgative, and that its action must be stopped by 
eating cold atole (com mush). 


ZOOLOGY . — A new Pinnotherid crab from the Hawaiian Islands.^ 
Mary J. Rathbun, United States National Museum. 

Dr. Charles H. Edmondson of the Bernice P. Bishop Museum has 
submitted for report a new form of the curious genus Aphanodactylus 
described by Tesch.* 

Aphanodactylus edmondsoni, new species 

Compared to A. aibogae Tesch, carapace narrower, 9.6 x 16.2 mm , as 
against 6 x 11.25. Fronto-orbital distance greater, 7.6 mm , or more than 
4/10 of carapace width of aibogae. Posterior width 8.6 mm., instead of 1-1/2 
X fronto-orbital distance. Antennal flagellum not 2 or 3-jointed, but 10- 
jointed, terminating In a slender seta. Palp of maxilliped long, overreaching 
a little the merus-ischium suture. Merus-ischium narrower than in aibogae; 
inner margin of merus nearly straight instead of convex Merus of ambula- 
tory legs 1-3 armed below with a large triangular spmc-tippcd tooth at distal 
thira; the tooth of third right log only is bispinose at tip, apparently an ab- 
normality. Merus of last leg has two very small spines on posterior margin. 
Carpus of ambulatory legs tapering distally (not narrowed m female of A. 
aibogae). Carpus-propo^ hairy on both margins, merus hairy below. 

* Published with the permissioa of the Secretary of the Skmthsonian Institution. 
Beoeived February 19, 1932 

* Oeeapoda Braohyura Siboga Exped , Mono. XXXIX c*, 1918, p. 283, pi 18, fig. 2. 
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Fine hair borders arm, inner angle of wrist, prehensile margins of fingers; a 
small patch at middle of inner surface of palm; long hair on lower margin of 
carap^, margin of abdomen and surface of maxilTiped; a row of short thin 
h^ above edge of rostrum. 

Tsrpe-locahty. — Oahu, from worm tube, Nov. 27, 1931 Holotype in 
Bishop Museum. 


ZOOLOGY . — A new species of CycloiM /rom the Philippine Islands.' 

C. Dwight Marsh, United States National Museum. 

The following description is of the mature female. 

Cyclops phiUppinensis, new species 

The first segment of the cephalothorax is considerably longer than the 
remaining part. 

The aMomen, Fig. 1, is about two-thirds as long as the cephalothorax. 
The first segment about equals in length the three following, and its greatest 
breadth a^ut Muals its length. The second, third, and fourth segments 
gradually diminish in length, the fourth being about one-half as long as the 
second. The posterior borders of the abdominal segments are very finely 
dentate. 

The branches of the furca about equal the combined length of the third 
and fourth segments. The lateral setae are situated at about two-thirds 
the length of the furca. Of the terminal setae. Fig. 3, the first and fourth 
are nearly equal in length, the fourth being slightly longer. The third seta 
IS longer than the second and is somewhat more tl^n four times the length 
of the fourth. 

The segments of the abdomen and furca arc covered with minute pellucid 
dots. These dots arc arranged in transverse lines on the first segment and 
sometimes on the other segments. The dots are not projections from the 
surface, and so far as the author knows, are peculiar to this species. 

The first antennae. Fig 2, about equal in length the cephalothorax. They 
have seventeen segments and there are no hyaline lamellae on the sixteenth 
and seventeenth segments. In the second antennae, Fig. 4, the third and 
fourth segments are about equal in length. The lower border of the second 
segment of the postenor maxillipede has crenulations. Fig. 6, resemblmg those 
found in C. leuekarlt. 

The spinous armature of the terminal segments of the exopods of the 
swimming feet is represented by the formula 2, 3, 3, 3. In the fourth feet. 
Fig. 7, the terminal spines of the third segment of the endopod are nearly equal 
in length. 

The membrane connecting the bases of the swimming feet has two rounded 
processes, each armed with a number of dentations, Figs 7 and 8. Such pro- 

‘ Received February 0, 1032 


Fig 1. Cyclops phihppineTuts: abdomen of female, x 223. Fig 2 Cyclops pkxltp- 
pinsnsisi first antennae of female, x 223 Fig 3 Cyclops pkxhppineMis: furca and 
furcal setae of female, x 223 Fig. 4 Cyclops pkxlxppinensis: second antenna, x 438 
Fig. 6 Cyclops pAt'/ipptnensts; fifth foot, X 438 Fig 0 Cyclops phxlxppxnensxs‘. second 
segment of posterior maxillipede, x 438 Fig 7. Cyclops pkxlxppxttcnsxst fourth foot, 
X 223. Fig. 8. Cyclops pkxlxpptneTuxs: connecting membrane of fourth feet, x 438 
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jections were reported by Schmeil,* 1802, as found in the fourth feet of C. 
oithonotdea, but not on feet 1 to 3. He also stated that the prooessee were 
found in C. hyalina and C. dybowakii on all the swinuning feet, but that the 
processes were more of a semicircular form in these species. It is evident 
that the processes in C. phtlipjnnenaia correspond more closely to those in 
C. hyahna and C. dybowakit, for they are distmctly semi-circular in outline. 
Sars,* 1918, figure similar projections for the fourth feet of C. craaaua. 

The fifth font. Fig. 5, is two se^entcd. The second segment is twice as 
long as broad: the setae are terminal and the inner seta is longer and stouter 
than the outer. The form of the reeeptaculum aemtnta could not be clearly 
distinguished in the available material. 

Length: From 0.9 to 1 0 mm . 

This was received from Dr. Stillman Wright and was collected by P. B. 
Sivikis, at Manila, Philippine Islands. 

This form evidently belongs to genus Meaocyclopa Kiefer, and subgenus 
Thermocydopa Kiefer. It is most nearly related to C. otthonotdaa Sars. The 
lack of hyaline membranes on the terminal segments of the first antennae, 
the armature of the membrane connecting the bases of the swimming feet, 
the form and armature of the fifth feet, and the markings of the abdomen 
separate this from any described species. 

■ Schmeil, 1892, Deuttchlandt fretlebende SiUtawasMr-Copepodtn-Cyelojndae, Biblio- 
theca Zoologica, Vol 6. 

< Sara, O O , 1918 An accouM of the Cruataeea of Norway. Vol. VI, Copepoda, 
Cyelopoida. 

ZOOLOGY . — Notea on Talorchestia fritzi Steibbing.'^ Clarence R. 
Shoemaker, U. S. National Museum. (Commimicated by W. L. 

Schmitt.) 

Among some Crustacea recently received by the United States 
National Museum from Professor Manuel Valerio of San Jo84, Costa 
Rica, were six amphipods of the genus Talorcheatia, taken on the 
Pacific coast of Costa Rica. One of the males is undoubtedly Tdlor- 
eheatia fritti described by Mr. T. R. R. Stebbing* in 1903 from Isla 
del Coco, off the Pacific coast of Costa Rica. The two remaining males 
are somewhat larger and show marked differences in some characters 
from T. fritzi, but in most they agree completely with it. The greatest 
difference appears in the form of the sixth and seventh joints of the 
second gnathopods of the male. Fritz Mtiller* has pointed out the 
differences in form which take place in some of the characters of sexu- 
ally mature males of Orchealia tncurauna. The alteration in the form 
of the sixth joint of the second gnathopods and the fusion of the first 

* Pnbliahed by permiasion of the Secretary of the Smithaonian Inatitutlon.. Beoeived 
January 29, 1932. 

• Stebbing, 1903, Proo. U. S Nat Mns., vol. XXVI, p. 025, pi. 60. 

' Fritz Mailer, Facta and Argumenta for Darwin, London, 1^, pp. 70-80. 
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few joints of the flagellum of the second antennae are among the prin- 
cipal changes which he noted. In 0. tucurauna the young mature 
males had an evenly convex palm which, as the animal became older, 
acquired a deep emargination near the hinge of the seventh joint, 
and the seventh joint developed a corresponding prominence which 
exactly fitted into the emargination when the joint was closed against 
the palm. In the youngest mature males the joints of the second 
antennae were all free, but as maturity advanced the first few joints 
became fused. 

I have examined the specimen of Talorchestia fribsi which Mr. 
Stebbing studied and I find that the young males have the emarginar 
tion of the palm and the protuberance on the seventh joint so slight as 
to be scarcely noticeable, thus approaching the condition of uniform 
convexity described by Miiller. I have already stated that one of 
the males received from Professor Valerio agrees quite well with the 
description and figures of T. frUzi given by Mr. Stebbing, except that 
the second joint of the second antennae is much more prominent and 
the fourth and fifth joints are much more massive. The two remaining 
males differ from the preceding specimen and Mr. Stebbing’s speci- 
mens as follows. The second joint of the peduncle of the second 
antennae is even more prominent and the fourth and fifth joints still 
more massive. The first seven or eight joints of the flagellum are fused. 
Mr. Stebbing states that none of the flagellum joints are fused, but as 
the specimens which he examined had apparently been dried before 
they were put into alcohol this point is rather uncertain, though to me 
the first three or four joints have the appearance of being fused. The 
sixth joint of the second gnathopods is proportionally the same, but 
the emargination has become enlarged until it occupies about half the 
palm, and the remaining half of the palm has been crowded together 
into a high evenly convex prominence having at its jimction with the 
posterior margin of the sixth joint a groove for the reception of the 
extremity of the seventh joint. The protuberance on the inner margin 
of the seventh joint has entirely disappeared so that when the joint is 
closed against the palm a large opening is formed by the palmar emar- 
gination. 

These differences, while apparently very marked, are only such as 
could readily be due to the larger size and greater age and maturity 
of the specimens. I believe, therefore, that these two larger males 
are merely more fully developed and matured specimens of Talor- 
eheatiafntzi Stebbing. In the Amphipoda development is frequently 
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accompanied by marked changes in the form of the second gnathopod 
of the male. 

Although Mr. Stebbing noted the general resemblance in the second 
gnathopods of T.fritzi to those of Orchestta tucurauna he believed that 
there was enough difference in other characters to distinguish tliem 
as separate species. It is not possible to determine from Fritz Muller’s 
description or figures whether his species is an Orchealia or a Talor- 
cheatia, so that with further knowledge of these two species they may 
well prove to be one and the same. The first gnathopods of the fe- 
males of these specimens from Professor Valerio approach more de- 
cidedly a subchelatc structure than is shown by Mr. Stebbing in his 
figure. I have examined the females which he studied and find that 
the specimens show somewhat more of an approach to the subchelatc 
structure than he has indicated. The dividing line between Orchealia 
and Talarcheatia is so very hazy that at times it is difficult to decide 
into which of these two genera a species should be placed. For the 
present T. fritzi had best be left in the genus Talorcheatta. 

PROCEEDINGS OF THE ACADEMY AND AFFILIATED 
SOCIETIES 
BIOLOGICAL SOCIETY 
765th meetino 

The 765th meeting was held m the new assembly hall of the Cosmos Cluh 
17 October 1931 at 8.10 p m., with President Jackson in the chair and 33 
persons present. 

Frank Thonb mentioned the observation of a partly albino robin recently 
near the National Academy buildmg 

E. P. Walker commented on Dr W. M. Mann’s return with specimens 
from British Guiana. He also stated that both the lowland and mountain 
forma of ^rilla are on exhibition at the Zoological Park. 

I. N. HomtAN stated that Mr. Denly has raised this summer several 
rare species of pheasant, including Java peafowl and ]!.lliot pheasant. He has 
about 25 species in captivity. 

The regular program was as follows. 

Watson Davis: Some recent biological expediltona . — The speaker has 
record of about 60 biological expeditions of greater or less importance afield 
throughout the world in 1931. 

FWnk Thone : New books tn biology , — The speaker exhibited and com- 
mented briefly on a considerable number of new books. 

S. F. Blake, Recording Secretary 

766th meetino 

The 766th meeting was held in the new assembly hall of the Cosmos Club 
31 October 1931 at 8.05 p.m., with President Jackson in the chair and 48 
persons present. New member elected: W. O. Emery. 

The following resolution was adopted : 
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Whereat, the Biologioal Society of WaehinrtOB has learned with profound regret 
of the death of Dr J. W Oidlit, an ex-preeldent of the eoeiety, and Auiatant Curator 
of Foeeil Mammali in the U. S. National Mueeum, therefore be it 

Resolved, That this Society desires to place on record its sorrow at the loes of a valued 
member, and its appreciation of his ability as a scientist, and of his character and worth 
as a man. 

Resolved, further, that this resolution be spread upon the minutes of the society, 
and that a copy be transmitted by the Secretary to the bereaved family. 

E. P. Walker mentioned the new check list of birds recently issued by the 
American Ornithologists’ Union. 

The regular program was as follows: 

T. S. Palmer: The 40lh Annual Meeting of the Amerimn Omithologiata’ 
Union at Detroit, and the recent Audvbon Society Meeting . — Joseph Qrinnell 
was reelected president, A. C. Bent and J. H. Fleming vice-presidents and 
W. L. McAtee treasurer of the American Ornithologists’ Union. Mrs. 
Florence Merbiam Bailey was awarded the Brewster medal of the Union 
for her recently published work “Birds of New Mesaco.’’ The next annual 
meeting of the Union is to be at Quebec in October, 1932. 

Louis Radcliffe : A recent Inp through the Upper Miasteatppt River Wild 
Life and Fteh Refuge. — The speaker described a tnp up the river from Du- 
buque, Iowa to liake Pepin, Minnesota, with special mention of the effect of 
floods, the maintenance of a nine foot channel, and the fish rescue work of 
the Bureau of Fishenes. 

M. M. Ellis: Biological aspects of the inland nver situation (illustrated ). — 
The speaker outlined the destructive effect on aquatic life of river pollution 
through municipal and industrial waste and erosion silt. Acid products 
from industrial plants accumulate behind dams and even attack the metal 
parts of boats. 

E A. Goldman, Recording Secretary, Pro Tern. 

767th mebtino 

The 767th meeting was held in the new assembly hall of the Cosmos Club 
14 November 1931, at 8.10 p m., with President Jackson in the chair and 68 
persons present. 

E. P. Walker reported that several silver giulls are setting on eggs in the 
Zoological Park and that some nests hold downy young, showing a remarkably 
prolonged nesting season. 

Frank Thone exhibited several recently published books, including Dit- 
mars’ “Snakes of the world,” and Edgerton’s “Elephant-lore of the Hindus.” 

The regular program was a Symposium on the effects of drought upon plant 
and animal life, with the foUowmg speakers: 

M. B. Waite: Plants. — ^The drought of 1930 was the severest ever known 
in this vicinity. It produced little effect upon the early spring flowers, but 
its effects became evident in late spring and summer. The steadiness of the 
drought resulted in little external injury such as leaf scald and tip bum. 
Annuals were more affected than perennials. In 1930 very little sugar com 
was raised in this region, most of it having to be cut for fodder owmg to its 
poor development. Melons and squashes did fairly well, as did forest trees 
and shmbs. The shallow-rooted flowering dogwood suffered most among 
native trees. The grass in meadows and pastures suffered severely and 
some of it was killra. Peaches throve, apples suffered greatly, and pears 
were intermediate. There was a poor development of parasitic and fleshy 
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foi^. In 1981 there was a tremendous development of annual weeds. Tulips 
ana other bulbous plants and iris did well in 1931, but gladiolus and lilies did 
poorly. There was a great com and tobacco crop in 1931. Peaches, oaks, 
and other trees were a couple of weeks late in ripening fruit and coloring 
their leaves in 1931, perhaps due to excess of nitrates in the soil resulting from 
continued lack of raJn. 

C. R. Lucas: Fi»h . — Many game fish, particularly trout, bass, and catfish, 
suffered severely from the heating of waters and abnormal sewage conditions 
due to drought. IxisseB were most severe in the central and southern Missis- 
sippi River region and in West Virginia. A great deal of work in salvaging 
fim from drying waters was earned on by the Bureau of Fisheries. A great 
deal of restocking and replacement will be necessary. 

W. B. Bell: Birda and mammala . — ^Birds and mammals have greater 
adaptability and power of locomotion than some of the lower groups and 
tend to concentrate in places where water is available in times of drought. 
The smaller mammals vary their food to obtain more moisture in such a way 
as to do more damage th^ at other times. The number and size of litters 
are reduced. The effects of the drought on waterfowl in Canada depend^ 
greatly on topography. In the southern parts of Alberta and Saskatchewan, 
rolling country with depressions containing water, great areas became per- 
fectly dry and a tremendous amount of injury was done to young birda by 
these conditions, as well as by the fact that farmers earned cultivation into 
these drying areas and ruined them as breeding places for birds. 

J. A. Htblop; Inaecls . — ^The effects of drought on insects must be distln- 
{niished carefully from those of other factors. Species favorably affect^ by 
drought earned over Into 1931 in large numbers; those injured in 1930 have in 
some cases come back vigorously in 1931. The net result is that 1931 was a 
year of exceptional insect injury. Aphids, Oriental fruit moth, and Mexican 
bean beetle suffered in 1930 and were scarce in the spring of 1931 but increased 


rapidly in the fall. Chinch bug and leafhoppers increased greatly in both 
years, as did mosquitoes through the change of streams to puddles. Grass- 
hoppers did little damage in the spring of 1930, greater damage in the summer 
and fall, and very groat damage in 1931 in the Great Plains and Great Basin. 
Cutworms and army worms were worse in 1931. 

M. K. Rbaot: AmphUnam . — In ^neral, amphibians breeding in tem- 
porary spring ditches or pools suffered greatly, in part through drying up 
Wore metamorphosis, in part due to greater injury done by bii^ and 
otW enemies. Species breeding in permanent waters came through much 
better. Among closely related forms the effects of the drought were some- 
times very different Species belonging to the Coastal plain suffered most. 
The late breeders sufforra more m 1930 than in 1931. Swamp tree frog, 
leopard frog, green frog, bullfrog, Fowler’s toad, newt, and marbled sala- 
mander were not greatly affected by the drought. Spring peeper, Amer- 
ican to^, pickerel frog, common tree frog, Jefferson and spott^ salamanders 
suffered much. The red-backed salamander was greatly reduced in numbers 


and the four-toed salamander was nearly exterminated. 

Discussed by E. A. Goldman, Louis Radcliffe, E. P. Walker, I. N. 
HomiAN, and W. T. Swingle. Mr. Goldman described the effects of 
ifrought as observed in Lower California and Texas, and stated tl»t in his 
opinion a continuous drought might exterminate very local species. Mr. 
RADCLirra stated that on account of the concentration of ^ hie, predators 
could cause p^t damage. Young fish suffered from drying up oi the pro- 
tective vegetation on borders of water. The influx of salt or brackish waters 
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frequently killed whole populations outright. Mr. HomcAN spoke of great 
mortality observed among white birch, dogwood, and hemlock in local parks. 

768th mextinq 

The 768th meeting was held In the new assembly hall of the CoaaoB Club 
28 November 1031, at 8.10 p.m., with President Jackson m the chair and 110 
persons present. New members elected: E. B Chakberlain, R. H. Cole- 
man, J. K. Doutt, and T. H. WHircBorr. 

Frank Thone exhibited several new books, including Bentley and Hum- 
phreys’ “Snow crystals.” 

F. C. Lincoln stated ttiat he had received a telephone communication 
relating to the presence of downy young in the nest of a Barn Owl in Ohio 
during the month. 

The regular program was as follows: 

T. 8. Palmer: Meehng in honor of the anniversary of Wtlltatn Henry Flower 
{1831-1899 ). — Flower was bom in Stratford, England, and was from an early 
age interested in natural history. He graduate in medicine, was mvalided 
home from the Crimean War, and became Curator of the Museum of the 
Royal Colley of Surgeons and Hunterian Professor of Comparative Anaton^. 
He became Director of the British Museum of Natural History in 1884. He 
was very accurate and painstaking in his work and insisted on making knowl- 
edge accessible to the people He was the founder of the modern methods of 
museum exhibition. 

H. C. Bryant: National parks as mnetuanes for wild life {illustrated ). — 
The speaker showed plain and color slides of some of the more interesting 
animals and plants found in the national parks, and gave figures on the num- 
ber of larger mammals There are about 12000 elk, over 13000 mountain 
sheep, 17M black bear, 250 grizzly bear, 25000 mule deer, 2000 white-tail 
deer, and 3000 black-tail deer in western parks. Difficulties in administra- 
tion are due mainly to four causes: (1) to migration of animals outside 
park limits after severe storms, and sub^uent shootmg; (2) the spread of 
disease from domestic to wild animals, an increosmg problem; (3) the naturali- 
zation of plants, such as foxtail grass, and animals, such as the opossum in 
Sequoia National Park, which do harm to the native fauna and flora; (4) and 
to artificial feeding during the winter and at other times, which is of doubtful 
value to the herds and to the bears. In conclusion, he showed a reel of animal 
life in Yellowstone Park. 

I. N. Hoffmann: Natural feaiures xn Washington city parks {xUustrated ). — 
The speaker mentioned a number of the more interesting trees found in 
Washington parks, and exhibited pictures of park scenery. 

769th meeting 

The 769th meeting was held in the New Assembly Hall of the Cosmos 
Club 12 December 1931 at 8:10 p.m. with President Jackson in the chair and 
62 persons present. New members elected: Cokabel Bien, R. W. Harned. 

T. S. Palmer mentioned that W. H. Flower, about whom he spoke at 
the last meeting, was elected a corresponding member of the Biological 
Society on 8 February 1884, six weeks before he took the office of Director 
of the British Museum. 

The regular program was as follows: 

Herbert Fueoman: Social toeovers of South Africa {xUustrated ). — The 
social weaver {Philetaxrus aoeius) inhabits the semi-arid plains countiy of 
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Bouthern Africa. The members of a whole flock unite in building a com- 
munity nest, each pair having a nest inside it on the under side, entered by 
a vertical hole. In the renon studied, it nests in Acacia trees, and farther 
west in aloes. A pigmy falcon sometimes nests in one of the holes, but ap- 
pears to live on good terms with the weavers, and the author never found 
feathers of the weaver in the stomachs of the falcons. Although the white 
settlers usually protect the nests, the natives try to destroy them by burning, 
because of their fear of certain snakes which are frequently found on the nests 
and sometimes drop down on passers-by. The author described his expe- 
riences in bringing back to the Amencan Museum of New York a complete 
nest of these birds. The social weaver builds a larger nest in proportion to 
its size than any other bird in the world and mhabits it for years. It some- 
times reaches fifteen feet or more in diameter. 

Hobace Richards: Biological studies on the New Jersey coast (illustrated). 
— The speaker described his work in the study and collection ol lower in- 
vertebrates off the New Jersey coast and Delaware Bay, illustrating it with 
slides of many of the animals observed. — In discussion, T. S. Palmer pointed 
out that whaling was formerly an important industry in Delaware Bay and 
off the New Jersey coast, and that a biackflsh had actually been caught many 
years ago in the Delaware River at Camden, although this record had been 
discredited by Dr. True. 

S. F. Blake, Recording Secretary 


SCIENTIFIC NOTES AND NEWS 

J. W. Green of the Department of Terrestrial Magnetism, Carnegie In- 
stitution of Washington, arrived at Rio de Janeiro January .3 and left Jan- 
uary 28 after making compansons with magnetic instruments at Vassouras. 

Earl Hanson of the same Department is making an extensive magnetic 
survey in the northern part of South America. He has already ascend^ the 
Orinoco and crossed over to the Rio Negro river. 

A narrative by J. Harland Paul, entitled “The Last Cruise of the Carnegie" 
has just been published The scientific work is desenbed in popular style. 
The book is dedicated to Capt J P Ault who was a member of the Academy, 
and who lost his life with the vessel. 

The Carnegie Institution of Washmgton lectures on the magnetic field of 
the Earth and the Earth’s atmosphere were given on the evenings of March 
8, 15, and 22, by Messrs. Fleming, Kennelly, and Bartels, at the Adminis- 
tration Building of the Institution. 

Announcement has been made by the Carnegie Institution of Washington 
that Messrs Tuvb, Hafstad, and Dahl of the Department of Terrestrial 
Magnetism, using high-voltage tubes, have succeeded in obscrvmg and photo- 
graphing the paths made by high-speed protons. They have also sucooeded 
in making preliminary measurements of the distance the protons will travel 
in air, thereby obtaining a check on the law which governs their paths. 

The fourteenth annual meeting of the Amencan Society of Mammalogists 
is to be held in Washington May 3 to 7, 1932, the sessions for the presentation 
of papers, discussion, and business to convene at the National Museum, ’^e 



local committee oa emagements coaiistB of Dr. W. M. Maim, DlNCtM of the 
Natimud Zodogioal Ftoric; Dr. RmuMaTON Knxboo, AMtotaat Curator of tiie 
Dlyidon of ManunalflO^ESTP. Waluu, Aeslstaat Dlreotmr (d tbeNatl<mal 
Zoologioal Park; and Waltkr C. Hbkdbbbqn and Dr. H. H. T. JAOKBOiir, of 
the Bureau of Biologloal Survey. According to the plans of this ecounittee, a 
combined reception, smoker, and movlea will be held on Wednesday evening, 
May 4, and the annual dinner on Thursd^ evening. May 0. On Saturday, 
there will be a luncheon ^t the National ZoblogioBrParic, with a tour <A toe 
soo in the afternoon. 

Dr. C. Lbwu Gaxin, of Pasadena, Cahf., recently appointed Assistant 
Curator in the Division of Vertebrate Paleontology in the National Museum, 
took up his duties March 1. DoctOT OAxnf is a situate of the California 
Institute of Technology where he also pursued his postgraduate studies. 
After leaving college he joined the Unit^ States Qeologi^ Survey, doing 
geological work m California and other western states. He will take over the 
duties of the late Dr. J. W. Gidlet. 


NOTICE TO READERS OF ITIE JOURNAL 

A special committee has been appointed by the president of the Academy 
to study the problems of publication of the Journal of the Washington 
Academy of Scienooa. The chairman is Harvey L. Curtis, Bureau of 
Standards, and the other members, C W. Cooke, E A. Gowman. H. B. 
Huuphrby, and R. S, McBride. The committee is oonadering first the 
fundamental question of the major objectives which are now, or should be, 
served by this Journal. The committee desires to determine the wishes of 
tho membership of the Academy and of others who subsonbe for the Journal 
as to the relative importance of different parts or functions, the desirable 
frequency of publication, and other fimdamental matters of policy. The 
committee wiQ welcome comments on any phase of Journal pohey; these 
should be addressed to the chairman by letter at an early date. 
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PHYSICS. — The determination of the electrical units bp mechanical 
meaaurements.^ Harvey L. Curtis, Bureau of Standards. 

The Philosophical Society entrusts the preparation of most of its 
programs to its Committee on Communications. However, it may 
be said that the Society as a whole decides on the program for one 
meeting per year; for in selecting a president, the Society virtually 
determines the subject for the address, the follow'ing year, of the retir- 
ing president. Custom requires that this address be on a subject to 
which the speaker has given thought and attention over a period of 
years, imd very few presidents have had more than one, or at most 
two, lines of endeavor which would make a suitable subject for a 
retiring address. Hence a year ago any one of you could have given 
the title of tonight’s addrew. You have select^ the subject; I will 
supply the treatment. 

The electrical units are now a part of the c.g.s. system of units 
which form a practically complete and unified system for the measure- 
ment of aU physical quantities. This system, except os regards 
mechanical units, is definitely based on the principle of the conserva- 
tion of energy. As this principle was not accepted until the second 
quarter of the nineteenth century, ^ unified system of measurement 
has only been possible during the last himdred years. 1 shall attempt 
to show the relationship of the electrical units to tiie mechanical units, 
indicate the principles that can be employed in establiidiing the elec- 
trical units, and to give some of 'the experimental values that have 
been obtained. I will also give some of the historical settings. 

In 1832, just one hundred yeais ago, was announced the first ab- 
solute measurement of an electric or magnetic quantity. In that year 

> RaoeiTed February 25, 1232 Address of the retiring president, delivered before 
the PfaUoMpbloal Society of Washington, January 16, 1632. 

IM 
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Oauas delivered before the Royal Society of QAttingen a paper en- 
titled InheruiUu vis moftnetieae terrettria ad mensuram abaohitem re- 
vocaia. In this paper was described a method for determining the 
horiiontal component of the earth’s magnetic field in terms of length, 
mass, and time. Gauss called this an abaoltUe measurement, a name 
which is still applied when any electric or magnetic quantity is meas- 
ered in terms of mechanical units. The method of Gauss is still 
used as a means of measuring the earth’s field; in fact, it has been the 
most widely used method imtil the last decade. 

Following the work of Gauss, physicists developed absolute methods 
for the measurement of various electrical and magnetic quantities. 
However, it was not till 1851 that Wilhelm Weber showed t^t all the 
electrical and magnetic units can be derived from the mechanical 
units, thus forming a complete system. In this monumental work, 
Weber not only showed the possibility of a complete electromagnetic 
system of units, but outlined methods for making the measurements 
and actually gave some experimental values for the unit of resistance. 
This work of Weber’s marks the real beginning of absolute electrical 
measurements. It appeared about seven years after the opening of 
the first telegraph line, the first commercial application which was 
made of electric currents. Telegraph engineers soon began to demand 
suitable units by which to make electrical noeasurements. This de- 
mand was an important factor in establishing the units which are 
used today. 

In order to obtain a fair perspective, let us consider the state of 
electrical measurements and electrical units in the decade between 
1850 and 1860. At this time the only source of a continuous electric 
current was a primary cell. As the electromotive forces of the differ- 
ent kinds of primary cells are all of the same order of magnitude, no 
great need was felt for a method of measuring electromotive force. 
Results could be stated with sufficient accuracy by stating the number 
of cells in the circuit. The current in a circuit was either measured 
by a tangent galvanometer or computed by Ohm’s law from the 
electromotive force and resistance. Hence the important requirement 
was a unit of resistance. During the decade under consideration two 
different units were extensively used. The first, proposed by Jacobi, 
consisted of a copper wire of a given length and dimeter, the expecta- 
tion being that any laboratory could construct its own standards. 
However, the copper of those days varied greatly in resistivity, so that 
laboratories found it necessary to exchange standards, if they were to 
be on the same basis. 
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The second resistance unit, proposed by Sionens, consisted of a 
filament of mercury having a cross-section of 1 sq. nun. and a length 
of one meter. This unit was far superior to any that had been pre- 
viously proposed, and is the forerunner of our present international 
ohm. No need was felt for standards of capacitance or inductance. 

The electrical instruments and methods available during the decade 
following 1860 were not numerous. The tangent galvanometer was 
available at the opening of the decade, and Thompson’s astatic gal- 
vanometer became available soon thereafter. These instruments did 
not then exhibit the cranky behavior which is the one feature remem- 
bered by those in this audience who have used them. There are two 
reasons why their early behavior was more satisfactory than that of 
later years. In the first place the sensitivity required was not great; 
in the second place there were no magnetic disturbances from com- 
mercial electrical circuits and electric machinery. At the beginning 
of the decade, the Wheatstone bridge was available as a means of com- 
paring resistances. This is the one method of that day which still 
finds favor in our laboratories. 

With this background, let us consider the advances which took place 
in the decade beginning with 1860; a decade in which our present sys- 
tem of electrical units was founded. In 1861, the British Association 
for the Advancement of Science appointed a Committee on Standards 
of Electrical Resistance. The Committee in its first report state that 
before they decided upon a unit of resistance, it would be necessary 
to decide upon a system of \mits for the measurement of all electrical 
quantities. After much discussion and after inviting comments from 
the leading physicists of the world, including our own Professor 
Henry, the committee decided upon the c.g.s. electromagnetic system 
of units as proposed by Weber. At the same time the committee 
inaugurated experiments to determine the value which should be 
assigned to the new unit of resistonce. In 1863 the B.A. unit of 
resistance was definitely established as, within experimental error, 
equal to one billion c.g.s. electromagnetic units. 

The B.A. committee made their unit as near the absolute unit as 
could be determined by their experimental apparatus. However, 
they did not consider the exact value of the unit nearly as important 
as the stability of their standard. They expected their unit to remain 
the standard for an indefinite period and discouraged any further 
absolute determinations. As a matter of fact, the B.A. unit was 
extensively used for a quarter of a century. 
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The BA. committee gave some attention to the question of a unit of 
capacitance, which was of some commercial importance at that time 
in connection with submarine cables. However, no decision was 
reached. The important contributions of this committee were the 
o.g.8. electromagnetic system of electrical units and the B.A. ohm. 

During the decade beginning in 1870, there was little progress in 
electrical unite. Professor Rowland at Baltimore show^ in 1878 
that the B.A. unit of resistance was in error by more than one per 
cent, thus opening the way for the activity that followed. 

In the decade that began in 1880, there was a very great increase in 
all activities which centered around electrical phenomena. Electric 
generators and motors reached a state of perfection where commercial 
applications were feasible. Electric lamps passed the experimental 
stage and furnished an outlet for the power of the “new-fangled 
dynamo." The telephone became an accepted means of communica- 
tion. This activity in the commercial field naturally led to greater 
consideration of electrical units. A series of international conferences 
was held in Paris, at which names were given to the units, and the 
importance of deciding on values that agree with the absolute system 
was emphasized. While the values which were adopted for the units 
at these conferences were never extensively used, so that the direct 
results were small, yet the indirect results were outstanding. An im- 
portant result was the stimulation of research on the units. 

The next important action in regard to the electrical units was taken 
at the Chicago Electrical Congress of 1893, which adopted the Inter- 
national Electrical Units, the legal units in all civilized countries to 
this day. The International Electrical Units were made mure definite 
at the Ix)ndon Electrical Conference in 1908, and the recommendations 
of this Conference were made effective by the experimental results 
obtained at Washington in 1910 by an international committee. 

Finally, in 1927, the International Committee on Weights and 
Measures, to whom due authority had been given by a treaty signed 
by practically all civilized nations, decided that the absolute system 
should be adopted as the fundamental system, with material stand- 
ards approximating as nearly as possible the value of the theoretical 
unit. All the important standardizing laboratories of the world are 
now trying to determine the values of their concrete standards in 
terms of the absolute units. 

It is interesting to observ'e the two different points of view that are 
held concerning units, and how m the electrical field first one and then 
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the other has been dominant. One point of view ia that, since the 
units are part of a system, they should conform as nearly as possible 
to their theoretical value. The other point of view is that, sinee there 
is always some experimental error in the value of a derived unit, an 
arbitrary value should be selected which approximates the correct 
value, then this arbitrary value maintained indefinitely. 

Throughout the history of units, there are many interesting ex- 
amples of the conflict of these two points of view. In the electrical 
field, there has been a shifting from one side to the other. The B. A. 
committee stated that the xmit which they had selected was near 
enough for all practical purposes to the absolute unit, and no farther 
absolute determinations would ever need to be made. Twenty years 
later, the Paris Electrical Congress went on record as believing that 
new values should be established every ten years. Just ten years 
after this, the Chicago Congress adopted arbitrary standards. And 
now after nearly forty years more, the pendulum is again swinging 
back towards absolute units. The underlying causes of these changes 
in \newpoint are interesting, but time will not permit a discussion of 
them. 

The methods which have been evolved for determining the electrical 
units of the electromagnetic system from the mechanical units are 
based on the magnetic effects of the current. The magnetic intensity, 
H, at any point in the neighborhood of an electric circuit, I, can be 
represented by the equation known as the Biot-Savart Law. This 
equation is 

where ds represents an element of the circuit and (r) is the distance 
from ds to the point at which the magnetic field is required. This 
integral shows that the computation of the magnetic intensity for a 
given current is merely a matter of geometry. Like most geometric 
problems, it has been accomplished for only a few forms of circuit. 
In some cases the result is very simple. For instance, the magnetic 
intensity at the center of a circular loop of radius, R, is 



However, at any other point than the center, the value of H is ex- 
pressed as an infinite series. 
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The electrical unit that follows most directly from the magnetic 
field of a circuit is the unit of inductance. To show the connection, 
consider two circuits in one of which there is a varying current having 
an instantaneous value ti, and in the other an induced electromotive 
force Cl resulting from the variation of ii. Then, by definition, the 
mutual inductance between the circuits is given by the equation 


Also the induced electromotive force is related to the magnetic flux, 
tpt, through the second circuit by the relation 


Equating and integrating 


Af = ^i/ii 

Hence the mutual inductance is equal to the magnetic flux through the 
second circuit caused by unit current in the first circuit. But the 
magnetic flux is the integral, over any surface which is bounded by the 
second circuit, of the normal component of the magnetic induction. 
In the electromagnetic system of units the magnetic induction in a 
vacuum is numerically equal to the magnetic intensity. It follows 
that depends upon h and certain geometric properties of the two 
circuits. Hence the mutual inductance between two circuits in a 
vacuum depends only on the geometric properties of the two circuits, 
although the underlying phenomena are magnetic. 

The mutual inductance, Af, between any two filamentary circuits 
which are in a vacuum can be computed by means of Neumann’s 
integral, which is 


where dsi is an element of one circuit, dsi an element of the second 
circuit, • the angle between the directions of the elements, and r the 
distance between the elements. While this integral contains nothing 
but geometric quantities, yet the evaluation in any practical case is 
difficult, and hu been accomplished for only a few geometric forms. 
Moreover, some of these in any practical size give only a very small 
value of mutual inductance. A form important at the present time is 
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known as Campbell’s absolute mutual inductor. The primary consists 
of a long solenoid with the center portion omitted. The secondary is 
a coil of many turns located symmetrically with respect to the solenoid, 
and of considerably greater diameter. Ilie diameter of the secondary 
is so chosen that its exact value is not important. The important 
measurements are the diameter, length, and pitch of the winding on 
the solenoid. The National Physical Laboratory of England has 
measured three inductors of this type, each designed to have an in- 
ductance of about 10,000 microhenrys. Assuming one of these to be 
correct, the maximum difference between the measured and computed 
values of the other two was 0.1 microhenry, or ten parts in a million. 
Hence the Campbell type of mutual inductor can be constructed with 
sufficient accuracy to give a very precise value of the computed in- 
ductance. 

The self inductance of a circuit cannot be expressed by an integral 
as simple as Neumann's integral for mutual inductance. The reason 
for this is that in a mutual inductance, the circuit can usually be con- 
sidered as concentrated in a filament, whereas in a self inductance, 
the finite cross-section of the circuit must be considered. One method 
of obtaining a suitable integral for expressing the self inductance of a 
circuit is to consider the circuit divided into an infinite number of 
filaments of infinitesimal cross-section. Now the position of any two 
filaments can be expressed in terms of coordinates which are applicable 
to a cross-section, and the mutual inductance between these two 
filaments determined by Neumann’s formula. Then the average 
value of the mutual inductance between one filament and all the others 
can be determined by integration over the cross-sectional area and 
dividing by the area. Finally the mutual inductance between the 
average filament and all the other filaments of the cross-section can be 
determined by again integrating over the cross-sectional area and 
dividing by the area. This final average mutual inductance is the self 
inductance of the circuit. To express this as an integral let L be the 
self inductance of a circuit having a cross-section S in which any 
elements of the two filaments may be represented by dsi and dsi, 
then 

where r is the distance between dsi and dsi and < the angle between 
their directions. Again this integral involves only geometrical quan- 
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tities. However its evaluation is so difficult that there are relatively 
few forms for which the self inductance can be computed. 

The one form of self inductor for which the self inductance has a 
useful value and for which an accurate formula for the self inductance 
is known is a single layer solenoid. A solenoid can be accurately 
constructed. Also precision measurements can be made of the diam- 
eter of the solenoid, the pitch of the winding, and the diameter of the 
wire, the three dimensions that are required for computing the in- 
ductance. The Bureau of Standards has constructed a solenoid, the in- 
ductance of which can, it is believed, be computed with an error of 
only a few parts in a million. However, no direct check between two 
similar solenoids has been made. 

The inductance of an absolute standard can be computed from meas- 
urements of length only, and hence is simpler than any of the other 
electrical units. These standards are useful not only for establishing 
working standards of inductance, but as a basis for establishing other 
electrical units. This latter phase will be discussed as necessity arises. 

The electrical unit for which an accurate value is most needed, on 
which the most effort has been expended, and for which the results have 
been most unsatisfactory, is the ohm. The number of methods which 
have been devised for its measurement are numerous. The underlying 
principle is much the same in all of them. This principle will first be 
stated, then several applications to specific methods given. 

The imderlying principle may be stated as determinmg the ratio of 
induced electromotive force to current in a circuit where the electro- 
motive force and current can be determined in terms of the same 
magnetic or electric quantities. Since the same magnetic or electric 
quantities are used in determining both the current and electromotive 
force, they will disappear in the ratio, leaving the resistance in terms of 
mechanical quantities. In order to measure current and electromotive 
force in the same quantities, it is necessary to a.ssign a numerical 
value to the ratio of the magnetic intensity and magnetic induction of a 
vacuum. This value is usually taken os unity, which is equivalent to 
stating that the permeability of a vacuum is unity. 

The underlying principle of the methods for the aboslute measure- 
ment of resistance can be illustrated by one of the methods proposed 
by Wilhelm Weber. Consider a coil having N turns, each of area A, 
to rotate with an angular velocity, u, around a vertical axis which 
passes through a diameter of the coil. The induced electromotive 
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force, e, at any instant, i, in a place where the horisontal component of 
the magnetic induction of the earth’s field is fi, is 

e B N A Qt sin t 

The average value, E, of the electromotive force for a half cycle is, 
2t 

smce to » - 

T 


where T is the period. If this coil is provided with a suitable com- 
mutator and connected to a tangent galvanometer, the current through 
the galvanometer consists of a series of half waves, all the current 
being in one direction. The average value of this current when meas- 
ured with a tangent galvanometer having n turns of radius r, at a place 
where the magnetic intensity of the earth’s field is if , is 


where 6 is the angular deflection of the galvanometer magnet. If the 
resistance R of the entire circuit is taken as the ratio of the average 
electromotive force to the average current, then, since B and H are 
numerically equal, 

N A/T _ Svn IV A 
I Hr tan 9/2 ir n T r tan 9 

where T is the tune of a revolution of the coil. This equation shows 
that R is determined in terms of mechanical units. If all the quanti- 
ties in the equation are expressed in dimensional units, then [A] - 
[L/T], which is responsible for the statement that a resistance is a 
velocity. 

The above method is not capable of giving results of high accuracy. 
It has been introduced solely to illustrate the fundamental principles 
involved in any absolute ohm determination, and to show the t3q)e of 
apparatus used in the earliest experiments. 

Another historical method is the combination into a single instru- 
ment of the earth inductor and the tangent galvanometer of the pre- 
ceding method. A magnetic needle is suspended at the center of a 
coil mounted to rotate about a vertical diameter. As the coil rotates, 
the magnet is deflected because the earth’s field induces a current in 
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the coil, which in turn produces a magnetic field at the center of the coil 
that is at right angles to the earth’s field. The amount of deflection 
depends on the diameter of the coil, its velocity and its resistance. 
This method was independently proposed about 1860 by Wilhelm 
Weber and by Lord Kelvin. It was first used by Maxwell and his 
associates to establish the B. A. ohm. Since then it has been used for 
more accurate determinations, but it is not capable of giving results 
of the highest precision. 

Perhaps the most direct method for the absolute measurement of the 
ohm is the one proposed by Lorenz about 1870. This method em- 
ploys a form of homopolar generator with air-cored magnets for gen- 
erating an electromotive force which is compared with the fall in 
potential produced by a current in a resistance. The armature of the 
generator consists of a disc moimtcd to rotate around its axis. The 
magnetic field of the generator is produced by a coil, solenoid, or 
group of coils which are placed with their axes coinciding with the 
axis of the disc. Then as the disc rotates, the same electromotive 
force is produced in every radius of the disc. The electromotive 
force in each radius is equal to the magnetic flux through the disc 
divided by the time of a revolution. But the flux for unit cur- 
rent in the coils is equal to the mutual inductance, M, between the 
coils and a circle which coincides with the circumference of the disc. 
Hence the electromotive force E between the center and the circum- 
ference of the disc is given by the equation 



where I is the current in the coils and T is the time of a revolution. 
This electromotive force is balanced against the drop in potential 
over a resistance, R, in series w ith the coils. Hence 


E ^ IR 


MJ 

T 


R 


M 

T 


Now the value of M can be computed from measured dimensions of the 
coil and disc. 

The Lorenz method is considered by many as one of the best that 
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haa ever been devised. One difficulty with the method is the very 
small value of the induced electromotive force, generally, only a few 
millivolts. At the National Physical Laboratory a determination in 
1914 by F. E. Smith gave a result with a probable error of only three 
parts in a hundred thousand. 

While it is not the purpose here to disciiss all the various methods 
that have been propo^ and used for absolute ohm determinations, 
yet the picture would be so incomplete without a mention of alternat- 
ing current methods that one of these methods will be described. 
Alternating current measurements have been largely developed since 
the days when it was fashionable to make absolute ohm determinations. 
Hence, while a number of alternating current methods have been 
proposed, only one satisfactory determination has been completed. 
This determination was made at the Physikalisch-Technische ^ohs- 
anstalt of Berlin, although the method was first suggested by Rosa, 
a former president of this Society. 

The Rosa method employs a self inductance, the value of which 
can be computed from its linear dimensions and can be measured by an 
alternating current bridge in terms of capacitance and resistance. 
The capacitance is then measured in terms of resistance and time by 
Maxwell’s method. P'rom these two measurements the resistance of a 
resistor can be determined in terms of a self inductance, a time, and 
the ratios of two pairs of resistances. The method assumes that 
the value of the capacitance is the same when measured by alternating 
current as when measured by charging and discharging. This assump- 
tion holds only nhen the capacitor has no absorption, a condition that 
can be met only with an air capacitor. 

During the past 80 years about 25 determinations of the absolute 
value of the ohm have been made. Fortunately it is possible satis- 
factorily to compare the results of these determinations. About the 
time of the first absolute determinations, Siemens suggested the use 
of a mercury column having a cross^ction of one sq. mm. and a 
length of a meter as a unit of resistance. P'rom that time to this, 
results of absolute determination have been expressed in such a manner* 
that they can be readily reduced to the length of the standard mercury 
column. In two of the latest results, the errors connected with the 
mercury column appear to be as large as those of the apparatus for the 
absolute measurement. In this case, however, an interchange of wire 
standards was made about the time of the experimental work, so that 
the relative value is known. 
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The results of all determinations are shown in Fig. 1. The ab- 
scissas are time in years, while the ordinates are length of the standard 
mercury column in centimeters. This figure shows that the early 
detenninations differed from one another by several per cent. There 
was a considerable increase in accuracy following 1880. More than 
half of the determinations were made between 1880 and 1895. During 
the twentieth century there have been but two satisfactory deter- 
minations. These show that the length of the standard mercury 



Figure 1 — Length of a column of mercury having a resistance of one ohm as deter- 
mined at various times and by various methods. 

column corresponding to an absolute ohm is about 106.245 cm., 
whereas the international ohm specifies a length of 106.300 cm. The 
International Committee of Weights and Measures has decided to 
abandon the International Ohm in the near future. 

The electrical unit which was first determined in terms of mechanical 
units and which has been most often so measured is the ampere. In 
fact for more than a quarter of a century most measurements of 
current were by absolute methods. In 1837, PouUiet devised the 
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tangent galvanometer which permitted a current to be measured in 
terms of the deflection of a magnetic needle, the radius of the gal- 
vanometer coil, and the horizontal component of the intensity of the 
earth's magnetic field. As Gauss had previously shown that the 
intensity of the earth’s magnetic field can be measured in terms of 
mechanical units, the tangent galvanometer permits the absolute 
measurement of current. 

It is difficult for physicists and engineers of today to appreciate 
the important part ^at the tangent galvanometer played in electrical 
measurements in the years between 1850 and 1880. The instrument 
was simple, rugged, and sufficiently sensitive. There was little 
trouble from stray magnetic fields. The value of the horizontal 
component of the magnetic intensity of the earth’s field was given in 
handbooks with sufficient accuracy for most measurements. Withal 
it was a convenient, reliable, and satisfactory instrument. However, 
with the advent of the electric generator and systems for the distribu- 
tion of electric power, the tangent galvanometer rapidly gave way to 
other methods of measuring current. One of the attempts to adapt a 
tangent galvanometer to the requirement of measuring large currents 
was made at Cornell University. The instrument was called “The 
Great Tangent Galvanometer of Cornell.’’ The coils were two meters 
in diameter, made from copper rod nearly 2 cm. in diameter. It was 
housed in a non-magnetic building, made mostly of copper. None of 
the results obtained with this instrument have been preserved. 

In the decade following 1880, the tangent galvanometer lost its 
standing as a current-measuring instrument. The two important 
electrical standards became the standard resistance and the standard 
cell. In commercial and laboratory measurements, a current came to 
be measured either by the fall in potential which it produced in a known 
resistance, or by the amount of copper or silver deposited from an 
electroljrtic solution. But to determine initially the electromotive 
force of a standard cell, or the amount of silver or copper deposited by 
unit current, some type of absolute current-measuring instrument is 
necessary. In addition to the tangent and the sine galvanometers, 
two types of instrument have been used, the current balance and the 
torsion eleotrodynamometer. 

In a current balance, the force of attraction between two coils 
through which a current is flowing is balanced against the gravitational 
attraction of a known mass. Several arrangements of coils have been 
used. In the one proposed by Lord Rayleigh, a coil of moderate size 
and relatively few turns is suspended, with its plane horizontal, from 
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the pan of a balance, flexible leads bringing the current to the coil. 
Two much larger coils are supported, one above, the other below the 
moving coil, so that their axes coincide with the axis of the suspended 
coil and with the distance between the suspended coil and each fixed 
coil such that when a current is flowing, the force on the suspended 
coil is a maximum. When the coils are in this position of maximum 
force, the force of attraction, F, for a current / is 

^ - ‘‘Ki) 

where a is the radius of the smaller coil, A the radius of each of the 
larger coils, and/^^^ is a known function involving only the ratio of 

the two radii. This force is balanced by a mass, m, having a weight 
mg, where g is the acceleration of gravity. It follows that 



Of the quantities on the right hand side of the equation, the mass, 
m, can be compared with the standard kilogram, the value of g must 
be experimentally determined at the place where the weighings are 
made, and the ratio of the radii of the two coils must be evaluated. 
The comparison of the mass with the standard kilogram is compara- 
tively simple. The experimental determination of the absolute value 
of gravity is exceedingly difficult, so that the value at a given place is 
generally found by comparison with that at some place where gravity 
has been carefully determined by an absolute method. For more than 
thirty years, gravity determinations for all countries of the world have 
been referred to Potsdam, Germany, where a very careful absolute 
determination was made during the latter part of the nineteenth 
century. In comparing gravity at one place with that at another, 
appreciable errors may enter. One of the largest sources of possible 
error in recent absolute current determinations has been the un- 
certainty in the value of gravity. 

To determine the ratio of the radius of the small coil to that of one 
of the large coils, the two coils are mounted concentrically in a vertical 
plane which is parallel to the horizontal component of the earth’s 
field. At the common center is suspended a small magnetic needle. 
A current is sent through the small coil producing a deflection of the 
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magnetic needle. Then a current is sent through the large coil, of 
such magnitude and direction that the deflection is reduced to sero. 
Knowing the number of turns on each coil, and measuring the ratio 
of the currents, the ratio of the radii is given by the equation 

o nJx 

Hence measuring the ratio of the radii is reduced to measuring the 
ratio of two currents, a comparatively simple process. 

One difficulty with this method for the absolute measurement of a 
current is the extreme precision required in the weighing. As an 
illustration, the suspended coils used by Rosa, Dorsey and Miller all 
weighed more than a kilogram. The force caused by a reversal of the 
current was about 5 grams. Hence for an accuracy of one in a million 
in the current the weighings had to be made to 0.01 mg. For a weight 
of a kilogram on the balance beam, this means that the balance must be 
sufficiently sensitive to weigh to a part in a hundred million. More- 
over, this weighing must be made with current in the suspended coil, 
which produces heating and the accompanying air currents. 

A torsion electrodynamometer measures, in terms of mechanical 
units, the torque between two coils carrying a current. This method 
has often been used, but time prevents a discussion of its principles. 

There are two methods by which the result of an absolute current 
measurement can be preserved ; one by determining the electrochemical 
action in an electrolytic cell, the other by comparing the potential 
drop produced in a standard resistance with the electromotive force 
of a standard cell. The first method has been used since the early 
days of measuring electric currents; the second has been employed in 
recent absolute determinations. The first is the more useful in com- 
paring results over a long period of years; the second is more valuable 
for electrical measurements in the laboratory. 

Before 1870, the electrolysis of water was frequently used to preserve 
the results of absolute electrical measurements; it is most unsatisfactory 
for this purpose. In 1873 Kohlrausch suggested the use of the silver 
voltameter. Following the Paris Conference of 1881, the silver volt- 
ameter was greatly improved and has been extensively employed. 
Since that time, the results of all important absolute measurements of 
current either have been expressed in terms of the number of milli- 
grams of silver deposited by a current of one ampere flowing for one 
second or can be reduced to that basis. These results are shown in 
Fig. 2. It is interesting to note that the last published result is nearly 
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twenty years old. The value found, 1 . 1 1804 mg. of silver per coulomb, 
differs by only four parts in a hundred thousand from the value selected 
by the London Electrical Congress of 1008 for the value of the inter- 
national ampere: viz., 1.11800 mg/coul. 

The value of the absolute volt has usually been obtained as the fall 
in potential produced by an absolute ampere in an absolute ohm. 
No absolute measurement in the electromagnetic system has ever been 
attempted. However it is pcKiaible to measure a voltage in electro- 
statio units, and to convert the result into electromagnetic units by 



Figure 2 — Rate of deposition of silver by a current of one ampere as determined at 
various times and by vanous methods. 


means of the experimental constant (usually designated as V, but 
sometimes as C) which serves to convert from electrostatic to electro- 
magnetic units and vice versa. The method of using an attracted 
disc electrometer was suggested by Lord Kelvin, but there are no 
important published results. As the attraction between two discs 
varies as the square of the potential difference between them, the 
method requires the use of relatively high voltages. 

The determination of a capacitance in absolute microfarads is 
usually accomplished by reference to other absolute electrical units. 
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There are three distinct methods of procedure. In the first method a 
capacitance is compared with an inductance and at least two resist* 
ances; in the second, with a resistance and time; in the third, with an 
inductance and the frequency of an alternating current. No discus- 
sion of these methods will be attempted. It is sufficient to note that 
for most capacitors, the different methods yield different results. 
When the dielectric of the capacitor is a vacuum or an un-ionized 
gas, then the three methods give identical results. Only capacitors 
with such dielectrics are suitable for use in absolute electrical meas- 
urements. 

The absolute coulomb is determined either as the product of cur- 
rent and time, or as the product of capacitance and voltage. The 
first is used in connection with an unvarying current, the second with 
a varying current. No experimental work has been carried out to 
show that the two methods give identical results. 

No discussion of absolute measurements is complete which does not 
mention the experimental constant V, which determines the ratio of 
each unit in the electromagnetic system of units to the corresponding 
unit in the electrostatic system. The latest experimental result, by 
Rosa and Dorsey, gives a numerical value for V which, within experi- 
mental error, is identical with the niunerical value of Michelron’s 
latest value for the velocity of light. This constant is not only of 
practical importance, as already shown, but is fundamental in the 
electromagnetic theory of light. 

Absolute electrical measurements have for their primary object the 
establishment of electrical units which form a part of a complete 
system of units for measuring all physical quantities. Methods have 
been developed by which this object can be accomplished even with 
the extreme accuracy which is demanded at the present time. How- 
ever, most absolute measurements of precision are time-consuming, 
and require very special equipment. Only the national laboratories 
have the men and facilities for this work. Hence, relatively few new 
results are to be expected in the immediate future. 

In closing I wish to pay tribute to those members and former mem- 
bers of this Society who have made important contributions to ab- 
solute electrical measurements. Omitting those who are now active in 
this field, and who may at any time describe their work to you, one 
thinks immediately of Rosa, Dorsey, and Grover as men who have in 
recent years made important contributions. In particular, the late 
E. B. Rosa, former president of the Society, did much to advance our 
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knowledge of absolute measurements. However, in choosing a sub- 
ject for a presidential address, he was considerate of the Society, and 
decided not to bore them with an address on absolute electrical meas- 
urements. 

CHEMISTRY. — The hydration of the solute ions of the heavier elemevis} 
L. H. Flint. Bureau of Plant Industry. (Communicated by 
G. N. Collins.) 

In the first paper* of a proposed series dealing with the hydration of 
solute ions it has been shown that an assumed inverse integral system 
of hydration derived through the extension of Graham’s Law to 
solutions appears to characterize the stable element-ions of the first 
quarter of the periodic system as judged by three aspects of solution 
phenomena, — electrical conductivity, freezing-point depression and 
boiling-point elevation. In the system as therein developed the 
weight of the element appeared to be modified incident to ionization; 
the respective hydration seemed entirely dependent upon the weight; 
the hydrating water molecules were considered as uniting with the 
atoms to form molecular ions of solute distinct from the solvent; and 
complete ionization was indicated at all concentrations. 

In studying the hydration characteristics of the heavier element 
ions the most natural suggestion growing out of these previous con- 
siderations is to project an analogous system of inverse integral 
hydration throughout the periodic system of elements. In accordance 
with this suggestion values corresponding to the treatments given for 
the lighter elements in Table 1 of the first paper have been worked out 
and grouped herewith in Table 1, — each section comprising the elements 
of a quarter of the periodic system. As was the case in connection 
with the lighter elements of the first quarter, many of the elements 
included are not known as stable ions in aqueous solutions. However, 
since the assumed hydration appeals to be conditioned by weight as 
modified by ionization, the full set of values seems desirable as a 
reference. 

In the above table the assumed hydration in terms of water mole- 
cules per ion is given in the fifth column. The calculated weight 
values for the unhydrated and hydrated states are given in the third 
and seventh columns respectively, while the velocities corresponding 
to these weight values are given in the fourth and eighth columns. 

' Received February 24, 1932. 

• TA# hydration of the solute ions of the lighter elements. This Joubnai. 93: 97-119. 
1033. 
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TABLE 1 — Wmoht, Htsration and Vbdocitt Values fob a Postulated Inverse 
Inteobal Hydration Ststeu as applied to the Heavier Elements — Concluded 



The procedure corresponds precisely with that employed in Table 1 
of the previous paper, and represents the extension of Graham’s 
Law of the Diffusion of Gases to solute ions considered as of two 
potential states (1) hydrated and (2) unhydrated. 

In examining evidence for the validity of the system as applied to 
the lighter element ions it was indicated that the apparent rate of 
decrease in specific molecular electrical conductivity with increasing 
concentration was subject to interpretation as an index of the rate at 
which the solvent becomes modified by the hydratmg solute. The 
apparent rate of decrease thus constituted a convenient measiue of 
hydration, and in the present paper this method of inquiry will be 
ui^ exclusively in the examination of evidence for the validity of the 
system as applied to the heavier element ions and represented in 
Table 1. 
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With regard to the correspondence of the calculated and observed 
bases it may be noted that the concentrations used in the taking of 
measurements of electrical conductivity characteristically involve 
solutions made up to 1000 co. rather than the 1000 grams involved in 
prediction. In dilute solutions the volume method is practically 
identical with the weight method, but in concentrations as great as 
1.0 molecular the differences between the two systems are appreciable. 
When these differences are enhanced by hydration, particularly with 
ions having a high hydration, the amoimt of free solvent present in a 
one-molecular solution based on volume becomes difficult to evaluate 
with great precision. Then, again, observed measurements involve 
the use of the observed combining weights of the elements. As pre- 
viously noted, these depart from the combining weights suggested 
under the hydration and weight-change hypotheses, and in the heavier 
elements the departure becomes appreciable. It seems desirable to 
consider the validity of the suggested hydration before specifically 
considering the validity of observ'ed combining weights, — but it will 
be apparent that in view of the divergent weight bases represented in 
calculated and observed values a further source of discrepancy may 
be encountered. In general the use of the volume method for cal- 
culating concentration effects a dilution from the concentration cal- 
culated on the weight basis, while the use of the observed combining 
weights effects a concentration over the calculated basis. There is 
thus a tendency for these two factors to compensate each other with 
respect to the theoretical bases of calculation, — ^but under the circum- 
stances an approximate agreement between observed and calculated 
values is all that may reasonably be anticipated, even were the hydra- 
tion values known to be correct. 

In examining observed conductivity measurements with reference 
to the values suggested in Table 1 we may assume a familiarity with 
the general treatments described in connection with the consideration 
of the lighter element-ions in the first paper. 

Chromic Chloride, CrCh- The summation weight representing the 
solute in a 1.0 molecular solution of chromic chloride, CrCU, may be 
derived from Tables 1 of this and the previous paper, as follows: 

Cr - 48, Cr+++ - 54, with 19 H,0, mol. wt. hyd. = 396 

Cl = 34, Cl- -= 32, with 7 H»0, mol. wt. hyd. - 158 

Cl - 34, Cl- - 32, with 7 H,0, mol. wt. hyd. - 158 

Cl = 34, Cl- = 32, with 7 HiO, mol. wt. hyd. » 158 

Summation wt. = 870 
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From this value the relative weight of solvent present may be de- 
rived as 

1000 - 870 = 130, or 13% solvent 
Observed values for the specific molecular conductivity of CrCU are 
available as follows: 1.0 mol. cone., 0®C.* = 45.4, .000244 mol. cone., 
0“C.‘ - 229.73, 45.4 + 229.73 - .1977 or 19.77%. The observed 
conductivity at .000488 mol. cone, is 214.48 and a higher value than 
229.73 is thus indicated for “zero” concentration. Considering this 
fact the order of agreement is such as to constitute evidence in sub- 
stantiation of the postulated system of hydration. 

Copper Chbride, CuCU. The summation weight representing the 
solute in a 1.0 molecular solution of copper chloride, CuCU, may be 
calculated from Tables 1 of this and the previous paper, as follows: 

Cu - 58, Cu''‘+ “ 62, with 15 HjO, mol. wt. hydrated “ 332 

Cl - 34, Cl- = 32, with 7 HiO, mol. wt. hydrated - 158 

Cl ■« 34, Cl- » 32, with 7 H*0, mol. wt. hydrated - 158 

Summation wt. = 648 

From this value the relative weight of solvent present may be de- 
rived as 

1000 - 648 - 352, or 35.2% solvent 
Observed values for the conductivity of CuCU at 0“C. may be cited as 
follows volume = 1.28, conductivity - 59.3; volume .76, con- 
ductivity - 48.22; at zero concentration, conductivity =» 165.' By 
interpolation, volume at 1.0 =• conductivity at 1.0 mol. cone. - 53.3. 
The relative conductivity may be derived as 53.3 + 165 = .323, or 
32.3%. The order of agreement (35.2% as calculated, 32.3% ob- 
served) appears to constitute evidence that the Cu++ ion in a solution 
of copper chloride hydrates with 15 molecules of water as suggested 
by the postulated system. 

Strontium Chloride, SrCU. The summation weight representing the 
solute in a 1.0 molecular solution of strontium chloride, SrCU, may be 
calculated from Tables 1 of this and the previous paper, as follows: 

* Int Cnt. Tables, Vol 6. 

* Jones, H C , Cam Inst Wash Pub » 170, p 62 

* Jones, H C and Getman, F H. Am. Cbem Jour. SI : 327 1004 

* Jones, H. C and Bassett, H P , on the other hand give 120 0 as the value (Cam. 
Inst. Wash. Publ. 0 160, p 73) . The use of this value os a base gives a somewhat higher 
figure than 32 3%. 
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Sr - 76, Sr++ - 80, with 0 mol. wt. hydrated - 188 

Cl - 34, Cl- - 32, with 7 H»0, mol. wt. hydrated - 168 

Cl - 34, Cl- = 32, with 7 mol. wt. hydrated - 158 

Summation wt. - 504 

From this value the relative amount of solvent present may be de- 
rived as 

1000 - 504 = 496, or 49.0% solvent 
Observed values for the conductivity of SrCh in aqueous solutions at 
0°C., may be cited as follows:^ 1.0 mol. cone. « 71.23; .000488 mol. 
cone. => 133.9. The relative value at 1.0 mol. cone, may be derived as 
71.23 -i- 133.9 - .532, or 63.2% 

The order of agreement (by calculation 49.6%, by observation 53.2%) 
appears to constitute evidence that the strontium ion, Sr++, hydrates 
with 6 molecules of water as predicted by the system being tested. 

Cadmium Chloride, CdCU- The summation weight representing the 
solute in a 1.0 molecular solution of cadmium chloride, CdCU, may be 
calculated from Tables 1 of this and the previous paper, as follows: 
Cd •» 96, Cd++ = 100, with 19 HiO, mol. wt. hydrated •* 442 

Cl “ 34, Cl- =» 32, with 7 H,0, mol. wt. hydrated - 158 

Cl = 34, Cl- = 32, with 7 H|0, mol. wt. hydrated = 158 

Summation wt. » 758 

From this value the relative weight of solvent may be derived as 
1000 - 768 - 242, or 24.2% solvent 
Observed values for the conductivity of aqueous solutions of cadmium 
chloride, CdCh, at IS^C., may be cited as follows? 1.0 mol. cone. - 
22.4; .005 mol. cone. «■ 91. The relative value at 1.0 mol. cone, may 
be derived as 22.4 + 91 = .246, or 24.6%. The value at “zero” 
concentration would be somewhat higher than 91, yet the order of 
agreement (24.2% calculated, 24.6% observed) appears to indicate 
that in aqueous solutions of cadmium chloride the cadmium ion, Cd 
hydrates with 19 water molecules as suggested by the extension of the 
hydration system into the third quarter of the periodic system. 

There does not appear to be any electrolyte involving a represent- 
ative element-ion of the group designated in Table 1, which is hy- 
drated and yet soluble to the extent of a 1.0 molecular solution. On 

’ Jones, H. G , Gun Inst. Wuh. For 1.0 mol. oono. Pub. S180, p. 04; for .000488 
mol cone. Pub. % 170, p 39. 

' Kohlrauscb, F. und Holborn, L. LntvemOgen der Elektrolyte, p. 161. 
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this account the consideration of the validity of the tabulated values 
(except insofar as analogy may be invoked) must be deferred until a 
subsequent inquiry into the hydration of the nitrate ion, NOi~, and 
other molecules ions. 

The order of agreement noted in the foregoing comparisons appears 
to constitute evidence for the assumed hydration of the involved ions. 
However, the further extension of the study leads to the suggestion 
that not all solute ions are hydrated, — a suggestion which will be 
considered in the next paper of this series. 

PALEOBOTANY.— A new Drepanolepis from Alaska^ Edward W. 

Berry, Johns Hopkins University. 

Some years ago I made a preliminary report on a few specimens 
collected by F. H. Moffit from the northeast quarter of Quadrangle 
601, Chitina valley, Alaska. (U. S. Geological Survey localities 
7938, 7939, 7940.) One of these is of special interest in that it repre- 
sents a type of plant hitherto unknown from North America. It may 
be described as follows: 

Dropanolepis reniformis n. sp. 

Figure 1. 

Lax cone or open strobilus of undetermined length, at least 10 centimeters 
long and about 1.6 centimeters in diameter. The axis is relatively slender 
when account is token of the size and eonsistenoy of the appendages, it being 
not over 2 millimeters in diameter as preserved. The appendages are well 
spaced and are probably arranged spirally, although this is an assumption 
based on analogy which the term cone suggests, since the actual specimens 
are approximately two ranked as preserved in the rock. The essential portion 
of the appendages is borne on relatively stout and usually slightly recurved 
peduncles about 1 millimeter in diameter and about 2 millimeters in length, 
and consist of a round or elliptical body with a marked concavity on either 
side of the base, which usually results m a marked basal sinus in the outline, 
which is therefore more or less reniform, and it is this feature which has sug- 
gested the specific name. Their length is about 6 millimeters and the maxi- 
mum width about 7 millimeters. They are at least 2 millimeters m maximum 
thickness, evenly rounded, and consist of two parts— an lunor, evenly rounded, 
smooth surfaced seed or stone, which is covered with a thick carbonized 
exterior like a shell or the ligneous testa of a drupe. This outer oivering fits 
the interior object closely and appears to be a completely enclosing envelope. 
It is flabellately and dicnotomously vemed, and these veins apiiear to extend 
through its thickness, since they are the same on the inner concave and the 
outer convex surfaces (of different specimens). This outer layer fits closely 
on the enclosed seed or stone, from which it breaks away in irregular patches. 


> Received March 10, 1932. 
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In none of the specimens, of which there are several in the collection, can the 
two faces of an individual appendage be seen, but it is my impression that the 
covenng layer is a complete envelope and is not of the nature of a cone scale. 
In Nathorst’s account of the Spitsbergen material which he referred to this 
genus he adds after seed “(or sporogonium)’’, but there can be no doubt that 
the Alaska material is not a sporogonium, but a seed or drupe. In the Spits- 
bergen material the appendages are interpreted as scales, and the seeds (?) 
are smaller than the scales and located near their bases. 

Possibly a new genus should be erected for the Alaska material, but in view 
of the complete uncertainty regardmg its botanical position, and the lack of 



Fir l.—Drepamdepis reniformu; Photograph of strobiluB, natural sue, and draw- 
ing of a single sporophyll, enlarged 

certamty in the interpretation of the Spitsbergen species as seed-bearing 
scales, and of that from Alaska as completely enclosed seeds or drupes, it 
seems unwise to suggest a new genus, especially as the Alaska form agrees 
with Drepanolepu in general habit and sise, in stalked appendages containing 
a rounded more or less inflated seed (or drupe) which is wholly or partially 
enclosed in a veined envelope. 
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A great many superficially similar fossil objects have been described from 
rocks of Juraseio and Lower Cretaceous ages, such as the various species of 
Stenorrhachta Saporta, SehizoUpia Braun, etc. Some of these objects appear 
to be definitely cyoadaoeous, others ginkgoalian, and others uncertam. if 
the Alaska species has the s^s completely enclosed as suspected, it would 
be fascinating to consider it angiospermous, although it should not be for- 
gotten that if the whole appendage is a simple seed such a conclusion is not 
required. In this connection the material under discussion shows a super- 
ficial resemblance to the lower Jurassic genera Caytonta and Gnsthorpia in 
which Thoma^ has worked out the structure, and for which he has proposed 
the order Caytomales, and which ho regards as ancient angiosperms. 

These two genera differ from the Alaska fossil in having the carpels pin- 
nately arranged on a dorsiventral axis, and these carpels contain many seeds. 
Inde^, as I understand Thomas’s hypothesis* of the origm of angiosperms 
it would be most difficult to conceive of a single seeded carpel in the early 
stages of the evolution of carpellary structure. On the other hand such a 
situation is equally difficult in the classic hypothesis of the origin of carpels,* 
or in those advanced in recent years by Vuillemin* or Eames.* 

Nathorst described two species of DrepanoUpia, Drepanolepta angualior' 
based on Carpohthea airtoUUua Heer* which was found in the middle and upper 
Jurassic of Spitsbergen, and Drepanolepta rotundtfolta* based on Phyllocladttea 
rotundtfoltaa Heer‘* which came from the upper Jurassic and the lower Cre- 
taceous of the same region. Probably representing a third species is Phyl^ 
lodadttea (?) momat Cockerell" from the Jurassic or Cretaceous Ondai Sair 
formation of Mongolia. All of these are based upon spiecimens preserved as 
impressions and hence not showing structural details, and it is perhaps need- 
less to say that there is no basis for supposmg any relationship to the genus 
PhyUodadua which the name might be considered to imply. 

In a recent publication'* devoted to the Upper Cretaceous floras of Alaska 
Hollick describes and figures what he calls a "bract, phyllode or stipule" 
under the name of Phyllodaditea dubioaua, which may or may not be related 
to what I have called Drepanolepia reniforma. It is a single, detached, and 

• faoiCAS, H. 8., Phil. Trans. Roy Soo London B 218: 299-3«3 1926. 

• Thomas, H. H., Ann. Bot. 46: 647-672. 1931. 

‘ ViLaNOVSKT, J., V ergleiehende Morphologte der Pflaruen, Teil 3, 1910. 

• VniLLSMiiir, P , Lea Anomali«« vigUalM (Paris, 1928 ) 

• Eambs, a. J , Am. Jour Bot 18: 147-188. 1931 

' Nathobst, A. G , KkI Svenska Vetens -Akad Bondi , Band 80: No 1,21,71, pi. 1. 
figa. 16, 17; pi. 3, Aga 33-37. 1807. 

• HBBa, O , fi Foss Arct , Band 4: pt 1 47 pi 9, fig 17 (lower right). 1877. 

• Nathobst, a. G , Op cit 43 p{ 6, Jigs 24-28 1897. 

“ Hbxb, O., Op cit , Band 8: sb 2 124. pi 35. flga 17, 18 1874. Idem, Band 4: 

60. 1877. 

“ (Tocbbsh!.!,, T. D. a., Am. Mus. Not. Hist Bull 61: 144, tf 6, pi. 2, figa. 10, 11. 
1924. 

“ Hollicx, a., U. S (jCoI. Survey Prof Paper 169 62. pi. 2, fig 9. 1930. 
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apparently a foliaoeous organ, veined somewhat like the outer coat in Dn- 
panolepta rentformta, but very much larger (about 4 times) and flat, thinner 
and mote delicately veined. I very much doubt any relationship to either 
Drepanolejna, or to what Heer and Ck)ckerell called PhyUodadttea. 

The question of the age of the Alaska material can not be definitely 
settled. The associated remains are specifically undetermined forms 
of Sequoia, Podoxamitea, PterophyUum and Sagenopteria, together with 
scales and broken fish bones. All the plants belong to long-lived 
genera the species of which are not precisely determinable, and indicate 
an age somewhere between middle Jurassic and middle Cretaceous. 
One of the two Podoxamitea (the larger) appears to be identical with 
what Lesquereux called IriUa aUtakana from the Cape Lisbume region 
of Alaska, and which Fontaine referred to Nageiopaia, but which I 
decided did not belong to that genus when I revised it in 1911. The 
smaller Podoxamitea is much like the Siberian Jurassic form which 
Heer called Podoxamitea eichwaldi Schimper, but this similarity lacks 
precise age significance since similar forms imder the same or other 
names occur at a number of Mesozoic horizons. As I interpret the 
inconclusive evidence as to age it appears more likely to have been 
late Jurassic rather than early Cretaceous. 

In conclusion it should perhaps be mentioned that Thomas, in the 
papers previously cited, regards Sagenopteria as the foliage of the 
Caytoniales, and Sagenopteria is associated with the present fructifica- 
tions that have been referred to Drepanolepia. 

GEOLOGY. — A reviaion of phyaical diviaiona of northern Alabama.^ 
W. D. Johnston Jr., U. S. Geological Survey. (Communicated 
by W. H. Bradley.) 

In 1930 I proposed a detailed physiographic division of Noj^em 
Alabama,’ based upon Fenneman's’ classification, which covered that 
part of the State underlain by Paleozoic sedimentary and older crystal- 
line rocks. 

Since the publication of the Alabama paper some disagreement with 

1 Published by pennission of the Director, U. S. Qeol Survey and the State Geologist 
of Alahama. Received March 1, 1032. 

' Johnston, W. D., Jb , Phyaical dwxawtu oj northern Alabama. Alabama Qeol. 
Survey, Bull. 38, 1930 

' Fbnniiiian, N. M., Phyaiographxe dxviexona of the United Statea, (3d ed.), Assoo. Am. 
Geographers Annals, IS: no. 4, 1028. 
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the classification used has been voiced by local geographers and Fen- 
neman* has pointed out that the boundary line between the Interior 
Low Plateaus and the Appalachian Plateaus, adopted for Alabama in 



Fig. 1 — Phyaioal divuiona of Northern Alabama 

my former publication, is not in agreement with the stratigraphic 
marker used farther north. To meet these criticlsm.s 1 offer the 
revised classification contained in Table 1 and the outline map, Figure 1. 


* Personal communication. 
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BOTANY.— .4rt«ma plants. (Further additions to the recorded flora 
of the state, with notes on the characters and geographical distribution 
of these and others species.y Thomas H. Kbarnbt and Obohob 
J. Harrison, Bureau of Plant Industry. 

A list of flowering plants and ferns believed to be new to the re- 
corded flora of Arizona was publidied recently.* Collections, mostly 
in 1031, by Robert H. Peebles, Harold J. Fulton, and the writers, and 
by M. French Gilman,* have brought to light several additional species, 
of which few seem to have been collected previously in Arizona and 
none, apparently, to have been recorded in any publication as occurring 
in that state. Six of them were not known to occur in the United 
States. 

Using, with slight modification, the classification of ranges outside 
Arizona that was followed in the earlier paper (p. 65), the main geo- 
graphical distributions of these 19 further additions to the recorded 
flora of Arizona are as follows: 


Pacific coast region (Washington to California) 1 

California deserts (Colorado, Mojave) 2 

Gulf of Cabfomia region (Lower California, western Sonora) 1 

Mexico (not confined to the preceding region) and southwaid 8 

Kansas or Oklahoma to northern Mexico 2 

Rocky Mountain region 1 

California, eastern United States, tropics of both hemispheres 1 

Old World (introduced species) 3 


In the following list, species that so far as the writer knows have not 
been recorded previously as occurring in Arizona are indicated by a 
single asterisk. Double asterisks indicate that the plant is believed 
also to be new to the recorded flora of the United States. 

The writers are much indebted to Dr. B. L. Robinson of the Gray 
Herbarium, Harvard University, and to Dr. John K. Small of the 
New York Botanical Garden for information in regard to the repre- 
sentation of these plants in the respective herbaria. 

> Received March 6, 1932 

' Keainey, Thomaa H. Flanta new to Ariiona (An annotated liat of gpeciec added 
to the recorded flora of the state or otherwise interesting ) Journ Wash Acad. Sci. U: 
63-80. 1091. In explanation of the words “recorded flora" in this subtitle, it should 
be mentioned that no comprehensive list of Ariiona plants has ever been published. 
If no statement of the occurrence of a given species in Arlsona could be found in the 
various floras and monographs in which its range is stated, or if the range as given in 
these publications does not comprise Arisona, it was assumed to be new to the known 
flora of the state. 

' Plants designated by the large numbers (3502 to 8380, inclusive) were collected by 
one or more of the first group. Mr. Oilman’s specimens are separately designated. 
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CYPERACEAE 

*Elsocharib caribaba fRottb.) Blake. Collected on Rye Creek, near 
the eastern t»8e of the Mazatial Mountains, Qila County (no. 8369). There 
appears to have been no previous Arizona record of this widely distribute 
spMleB, but the fact of its oecurrenoe in southern California and in the south- 
eastern United States presupposed its presence in Arizona. 

LILIACEAE 

Calochortus vlebuosub Wats. Collected on Rye Creek just east of 
the Mazatsal Mountains, Gila County, near the center of the state (no. 7804). 
This collection extends the range considerably southward, the localities in 
Arizona where this species was previously known to occur being all in the 
northern part of the state (Grand Canyon, Peach Springs, Beaver Dam). 

Clbistoyucca BRBViFOiiiA (Engelm.) Rydb. Several hundred good-sized 
“Joshua Trees" were observed in “bad lands" along the eastern elope of the 
Aquarius Mountams, near the border between Mohave and Yavapai counties 
(no. 7633). The occurrence of the plant at this locality had previously been 
noted by Fred. Gibson of the Boyce Thompson Southwestern Arboretum. It 
is not, however, the southeastern limit of the species, M. E. Musgrave and S. 
H. Hastings having found it several years ago at a locality some 30 miles 
farther south. 


ALLIONIACEAE 

Boxrhaavia mboaptera Standley. This well-marked species, known 
previously only from the vicinity of Tucson, was found at Topawa and at 
Sells in the Papago Indian Reservation, Pima County (nos 8027, 8032). 
The known range was thus extended about 50 miles westward. 

PORTULACACEAE 

* Claytonia rosea Rydb. A collection in the Sierra Ancha, Gila County 
(no. 7874) marks a considerable southward extension of the known range, 
Wyoming to Colorado and Utah. 

SILENACEAE 

* Hbrniaria cinerba DC. This inconspicuous little plant, an introduc- 
tion from the Old World, was collected near Casa Grande, Pinal County (no. 
7618), and had been found previously by C. R. Orcutt at Sentinel, m the 
southwestern part of Maricopa County. 

SAXIFRAGACEAE 

Saxifraoa rhohboidea Greene. Collected m the Mazatzal Mountains 
and in the Sierra Ancha, Gila County (nos. 7836, 7873). These localities 
extend the known range some 100 miles southward, the San Francisco Peaks 
apparently being the only locality in Arizona where the species had been 
ooUeoted previoi^y. 


ROSACEAE 

Pbunus fabciculata (Torr.) A. Gray. Collected near Wickenburg, m 
the northwestern part of Maricopa County (no. 7621). It is believed that 
this looahty extenos the known range of the “desert almond" m Arizona con- 
siderably southeastward. 
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MIM08ACEAE 

• Vachellia rARNESiANA (L.) Wight & Amott (Aeaeia fametiana Willd.). 
The oocurrenoe m Ariiona of the “huiaaohe” seema not to have been recorded, 
although it waa collected aeveral years ago by David Griffiths at La Osa on 
the international boundary iuat east of the Baboquivari Mountains. Trees, 
Bome of which attain a height of 20 feet, have been found by W. T. Swingle 
and R. H. Peebles about 20 miles north of the boundary, at the western baw 
of the Baboquivari Mountains, Pima County. 

Mimosa laxiflora Benth. The occurrence of this Mexican ahrub in 
southern Arizona was noted in an earher paper (Kearney, ibid., p. 70). 
Observation during the past season showed it to be abundant near the baM 
of Quijotoa Mountain, Pima County, (nos. 7971, 8001) where it had been 
discovered by J. Arthur Hams several years ago. Some of the plants at that 
locality reach a height of more than 6 feet and are very attractive when in 
blossom. The flowers, clustered m spikelike racemes, are deep purplish-pink 
at first, fading to nearly white, and have a delicate fragrance. The plant 
grows on rocky slopes and along “washes,” associated with Anneslta eriojMyUa, 
Senegalia greggit (Acacia greggtt), Cercidtopsts microphylla (Parkinaonta 
mtcrophylla), Acalypha pnnglei, Jatropha cardiophylla, Simmondna calt- 
fomtca, Camegeta gigantea, and several species of Opunita. 

CAESALPINIACEAE 

•* Grimaldia absus (L ) Britton & Rose (Cassia absus L.). Found at 
two stations near “Montezuma’s Cave,” high up on the western slope of the 
Baboquivari Mountains, Pima County (Gilman, nos 212 and 234). At one 
of the stations the plants grew on a ndge of decomposed granite. This is 
believed to be the first collection of this mterestmg little annual in Arizona 
and in the United States. The species is widely distributed in tropical 
Amenca, but there are no specimens in the U. S. National Herbarium from 
farther north in Mexico than southern Sinaloa and the states of Jalisco, 
Morelos, and Vera Cruz If the plant is really adventive from the Old 
World, as is supposed, its occurrence m a locality so remote from ordinary 
lines of communication as the Baboquivari Mountains is most remarkable. 

FABACEAE 

SoFHORA ARizoNicA Wats. This handsome shrub, with dark green, some- 
what shiny leaires and large Wisteriaroolored flowers, was found growing on 
rooky hills and along “wages’’ some 20 miles southeast of Kingman, Mohave 
County (no. 7623). The species has a restricted distribution and hM seldom 
been collected, but it was fairly abundant at the locality mentioned. Its 
beauty makes it as worthy of cultivation as are some of its better known 
congeners. 

Parosela lumholtzii (Robinson 4 Femald) Vail. This well-marked 
species, desenbed from specimens obtamed by C. V. Hartman at Los Pinitos, 
Sonora, has been recorded as occurring in Arizona, having been collected 
near Tucson by Herbert Brown, but apparently it is of rare occurrence in the 
state. It was collected m 1931 at the base of Baboquivan Peak, Hma County 
(Oilman, no. 241). 

Sphinctosperhum conbtrictuu (Wats.) Bose. A collection of this plant 
on the western slope of the Baboquivari Mountains, Pima County, extends 
the known range of the species in Arizona some 40 miles to the west (Oilman, 
no. 121). 
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*AsTBAOALnB AONINU8 Jepson (Cyslium offninum Rydb.). A handsome 
milkvetoh with showy, reddish-violet flowers, collected in 1027 near the north 
end of the Gila Mountains m Yuma County, where it occurs abundantly in 
loose sandv soil (nos. 3502, 6020). This species having been known pre- 
viously only from the western edge of the Colorado D^rt, m California, 
another plant of that region is added to the recorded flora of Anzona. Pro- 
fessor Jepson wrote to Dr. W. R. Maxon on November 27, 1031, confirmin g 
the identification and pointing out only two mmor differences between the 
California and Anzona specimens, the former having the leaflets more deeply 
notched at apex and the pods more arcuate The second difference, as 
Professor Jepson suggests, may be due to the more mature condition of the 
fruits in the California specimens. 

• Phaseolus athoporpureus DC. Collected at a rather high elevation 
in Fresnal Canyon on the western slope of the Baboquivan Mountains, Pima 
County (Oilman, no 166). Mr. Gilman describes it as growing in the midst 
of shrubs that support the stems, which are several feet long This appears to 
be the first collection in Arizona,^ the previously known range of the species 
being from southern New Mexico and southern Texas to Mexico and Central 
America. Gilman’s specimens are thinner-leafed and loss sericeous and have 
more obtuse leaflets than most of the Mexican and Central American 
specimens. 


EUPHORBIACEAE 

Croton sonobae Torr. The occurrence of this plant, previously known 
only from Mexico, in the western part of Pinal County, Arizona, was recorded 
in an earUer publication (Kearney, ibid , p 72). Dunng the past season it 
was collected at Quijotoa and Topawa in the Papago Indian Rwervation, 
Pima County (nos. 7769, 8006, 8026). At the latter locality it grows abun- 
dantly on a rocky hill, the shrubs attaining a height and spread of about 4 
feet and having stems one-quarter to one-third inch in diameter at base. 
The form collected at Quijotoa has exceptionally narrow leaves 

Ditaxis BRANOEOEi (Millsp ) Rose & Standi. The presence of this species 
in the Gila Mountains, Yuma County, was reported in an earlier publication 
(Kearney, ibid., p. 72). During the past season a plant 6 feet high was ob- 
served at the same locality by ^bert H. Peebles (no. 7704). Hence, at its 
northern limit the species attains about the maximum height that it reaches 
in Lower Califonua and Sonora.* 

Acalypha prinqlsi Wats The discovery of this Mexican shrub at 
Quijotoa, Pima County, Arizona, by J. Arthur Hams, was recorded pre- 
viously (p. 72). During the past season it was observeil growmg abundantly 
at the same locality, along washes and on low rocky hills (nos 7999, 8000). 
It IS conspicuous dunng the season of summer rains, because of the vivid 
green of its foliage. The plants attain a height of only 2 or 3 feet at this 
focality, and show considerable vanation in the size of the leaves and in length 
and color of the staminate inflorescences. The scales of the latter usually 

* Speoimeiu collected by T £ Wilcox (no 70) near Ft Huachuca, Coctuae County, 
which are presumably the ones listed under P alropurpureut by Britton and Kearney 
(Trans. N. Y. Acad Sci. 14: 34. 1894) belong to P macropoidea Gray. 

' Standley, Paul C Trees and Shrubs of Mexico. Contr U. S. Nat. Herb. S3: 621 
1933. 
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are Ted or reddish. The stamens are white, and the stlgpus pale lavender. 
Some of the associated species are listed in the note on Mimoia laxiflora. 

RHAMNACEAE 

CoLimaiNA CAuroRNicA Johnston. The collection of this species by 
Peebles and Harrison in 1926 in Fish Creek Canyon, Maricopa County 
(Kearney, ibid., p. 73) was not the first in Arisona, Oilman having found it 
at the same locality several years earlier. His specimens were identified by 
J. J. Thomber as "Cdubrina sp.” 

MALVACEAE 

** Abutilon tuurberi A. Gray. This species, ^parently known pre- 
viously only from the type collection by George Tnurber at Magdalena, 
Sonora, was collected in a canyon on the western side of the Bab^uivari 
Mountains, Pima County, apparently for the first tune in the United States 
{Oilman, no. 35). Gilman’s specimen, without fruit, corresponds closely in 
vegetative and flower characters with the tjrpe in the Gray Herbarium, except 
that the stems are nearly glabrous, whereas m the type they are sparsely 
vUlous with long hairs 

Horsfordia alata (Wats.) A. Gray. The writer, in the earlier paper 
mentioned (p. 73), erroneously described the petals as of a "pale violet blue” 
color. R H. Peebles calls attention to the fact that the color of the fresh 
petals is pale purplish-pink, although they become bluish with age. 

•• Anooa crenatifloha Ortega. The finding, in the Chiricahua Moun- 
tains, of flowering specimens identified doubtfully as of this species was re- 
ported previously (p. 73). During the past season, mature specimens were 
obtained at Tumacacori, in the valley of the Santa Crus River (no. 8146), 
and the characters of the very distinctive fruits remove all doubt as to the 
identification. The presence of this species in Arisona and in the United 
States, therefore, is definitely established. 

Hibiscus biseptus Wats. Geoiw J Harrison has noted two characters 
distinguishmg this Htbiacua from the somewhat similar H. couUeri Harvey, 
that seem not to have been recorded previously. One is the persistence of 
the fruits after matunty in H. biwjAut, whereas in H. cvuUen the pedicel 
disarticulates at base. The other chaiacter is that in H. biaeptua the flattened 
faces of the seeds are devoid of hairs in the center, the hairless area amounting 
to one-third to one-half the surface of the s^, whereas in H. coulten the hairs 
are evenly distributed over the whole surface. Htinacua coulten is a much 
woodier plant than H. btaej^ua. 

APIACEAE 

*Foeniculuk vuloare L. The common fennel of the Old World, 
althou^ naturalised abundantly in California and sparingly so elsewhere in 
the United States, seems not to have been reported hitherto as occurring in 
Arisona. A form with exceptionally short segments of the leaves was col- 
lected in the Mule Mountains near Bisbee, Codiise County (no. 8284). 

PYROLACEAE 

•* Chimapuila dasystbmma Torr. This species, known previously only 
from the mountains of Mexico, was found in the Santa Catauna Mountains, 
Pima County, at an elevation of about 8,000 feet, growing in clefts of rooks 
among yellow pines (no. 8100) It flowers in August in this locality and is 
apparently rare, diligent search having discovert only three individuals. 
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C. daaysttmma bean a mariced resemblanoe to C. maculata (L.) Pursh, of the 
eastern United States, and is regarded by Standloy as not specifically distinct 
from the latter.* If this view be correct, the range of C. Ttiaculaia shows a 
remarkable interruption, similar to that of Crotalaria aagtttaita and Clilona 
mariana (Kearney, ibid., pp. 70 and 71). 

APOCYNACEAE 

Amsonia kbahneyana Woodson. This species, known so far only from 
the western side of the Baboquivari Mountains in Pima County, Arizona, 
was regarded by Woodson* as representii^ “a natural hybrid between the 
Bubgenera Sphmclostphon and ArttciUaria." This conclusion was based 
partly upon the deformed fruits and sterile seeds of the only fruitmg specimen 
available to Woodson when he wrote his description. Specimens since col- 
lected by R. H. Peebles (no. 7933) at or near the type locality have, however, 
perfectly formed fruits and viable seeds. Mr. Peebles demonstrated this by 
a germination teat in which about 80 per cent of the seeds sprouted. In view 
of this finding, of the exceptional isolation of the habitat, and of the apparent 
absence of other species of Amaonta in the Baboquivari region, there seems 
to be httle to support the hypothesis of hybrid origin 

CUSCUTACEAE 

CnscuTA TUBBRCULATA Brandogee. This very well-marked species of 
dodder, known previously only from the southern part of Ixiwer California 
and from northwestern Sonora (Pnngle) heu been discovered recently in 
southern Arizona. It occurs rather abundantly along a sandy wash just 
north of the Gila River, in Pinal County (no. 8193), and has b^n collected 
also near Sells, Puna County (no. 8038). The Arizona specimens correspond 
closely with the type in the herbarium of the University of Cahfornia, which 
was collected by T. 8. Brandegee on Santa Margarita Island, Lower California. 
In Arizona, and usually in Lower California, the species is parasitic on species 
of Boerhaavta. 

CONVOLVULACEAE 

* IroHAEA UETEROFHYLLA Oitoga. Tho ooUection near Tombstone, 
Cochise County, in 1929, of a plant identified as I. lindheimen Gray was 
reported in an earlier paper (Kearney, ibid., p. 76). Specimens that are 
similar, except m haviw the leaf-lobes narrower and more attenuate at both 
ends, were collected m^esnal Canyon on tho western side of the Baboquivari 
Mountains, Pima County (GUman, no. 100) All of the Arizona specimens 
have shorter peduncles and shorter and broader sepals than spccunens of I. 
lindkeimeri from Texas and New Mexico. As the species of this group are 
defined bv House,* the broad bases of the sepals of tho Arizona specimens 
mdloate that they belong to I. heterophylla, although the corolla is longer and 
narrower than in most of the Mexican specimens so identified in the U. 8. 
National Herbarium. I. heterophylla seems not to have been reported pre- 
vioudy as occurring in Arizona. Its range, as given by House, is western 
Texas and northern Mexico. 

• Standley, Paul C. Trees and Shrubs of Mexico Contr. U. 8. Nat. Herb. 9S: 1090 
1024. 

' Woodson, Robert E , Jr Studies in the Apocynaoeae, III. A monograph of the 
genus Amtoma. Ann. Missouri Hot Garden 16: 379-434. 1028 (p. 416). 

‘House, Homer D. North American species of tho genus IpomoM. Ann N. Y 
Aoad Soi 16 : 181^263 1008. 
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HYDROPHYLLACEAE 

* Htdrofhtlluh occidbntalb a. Gray. The oolleotlon of thla waterleaf 
In the Masatial Mountaine, Olla County (no. 7820), affords apparently the 
first reoord of its oocurrenoe in Arisona and extends the known Taum oi the 
species (Washington to California, Nevada, and Utah) considerably to the 
southeast. 

BORAGINACEAE 

* PnAGioBOTHRYB JONKSii Gray. Ivan M. Johnston has identified as of 
this species a specimen collected near Saoaton, Pinal County, a few miles 
south of the GUa River (no. 7514), and remarks (in letter to T. H. Kearney): 
“Known only from at most a score of collections in the eastern part of the 
Mojave Desert of California. I ()o not know of a [previous] collection actually 
from Arisona. Your collection is a big and most interesting eastern extension 
of this rare and very distmct species.’^ 

MENTHACEAE 

* SccTEiiiiARiA DRUMMONDii Benth. The range of this skullcap, as given 
by Leonard* is Oklahoma, New Mexico, Texas, and northeastern Mexico. 
It occurs also in Ansona, where it was collected along Salt River by Smart, 
and near Bisbee by Goodding. A third collection, made recentlv near 
Roosevelt, Gila County (no. 7778), has been identic by Leonard as S. 
drumtnondti. 

SOLANACEAE 

SoLAiruM DEFUDXUM Greenman. Collections in southern Arisona of a 
small-fiowered, 8hort>pedicelled form of this chiefly Mexican plant were 
reported previously (Kearney, ibid., p, 77). A specimen that is normal in 
sise of the corolla and length of the pedicels was ooUeoted recently at Tumacar 
cori, Santa Crus County (no. 8147). 

•• SoLAiruM LuitHOurziANUM Bartlett. This well-marked species, belong- 
ing to the section Androcera (Buffalo burs), was found near Patagonia, Santa 
Crus County (no. 8186). The plant seems to have been known previously 
only from the type collection by C. V. Hartman at La Tinaja, Sonora. The 
Ansona specimen corresponds closely with the type in the Gray Herbarium 
and with Bartlett’s excellent desonption, except that the corolla is yellow, 
not purple, as doubtfully characterise by that author. The narrow, pointed 
leaf-lobM and the pubeMence are very cnaracteristic. Harrison notM in the 
field that the larger spines of the fruit are black with yellow tips, the small 
spines of the fruit are greenish white, and the spines on the upper side of the 
branches are black at base. 

* Datura stkauonivu L. Specimens collected at a roadside near the head 
of Tonto Creek, Gila County (no. 8364), afford what is presumably the first 
reoord of oocurrenoe of the common jimson weed in Arisona, unless a specimen 
in the U. S. National Herbarium, with leaves only, collected in the Chlricahua 
Mountains by J. C. Blumer (no. 2267), belongs to this species. 

SCROPHULARIACEAE 

Maubandta ACERirouA Pennell. The range of this apparently rare and 
very local species has been extended ten miles westward of the type locality 
(Fish Creek Canyon, Maricopa County) to Surprise Canyon, just south of the 

* Leonard, Emery C, The North Amerioan speoies of SouUUaria. Contr. U. S. 
Nat. Herb. IS: 703-748. 1027 (p. 730). 
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Balt River (no. 7774). Aa at the type locality, the plants were growing in 
orevioee of partly shaded cliffs. 

CUCURBITACEAE 

* Ctclanthsba DisSBCTA (T. A O.) Am. This plant, apparently rare in 
Arisona, was collected in carbons on the western side of the Baboquivari 
Mountains, Pima County (Oilman, no. 198). The only previous collection 
in Arisona of which the writer is aware was in the Santa Rita Mountains, 
Pima County, by David Griffiths and J. J. Thomber. Gilman’s collection 
therefore extends the known range of the smeies about 45 miles westward. 
The recorded distribution of C. disaeda is Kansas to Louisiana, Texas, and 
northern Mexico. As the species apparently does not occur in New Mexico, 
this seems to be another case of interrupted range. 

ASTERACEAE’* 

Erioeron FRiNOLEi A Gray. Collected on the rim of Pueblo Canyon in 
the Sierra Ancha, Gila County (no. 7884). Apparently this species was 
known previously only from the type collection by Pnngle on cliffs of Mt. 
WrightMn, in the Santa Rita Mountains. In the type collection the lower 
leaves are laeiniate-pinnatifid, whereas in no. 7884 they are very narrowly 
linear-oblanceolate and entire. Otherwise the specunens correspond exactly 
and undoubtedly represent the same species 

Senecio quercetoruu Greene. Smeimens wore obtamed on Oak Creek, 
Coconino County (no. 7160), and on the rim of Pueblo Canyon, in the Sierra 
Ancha, Gila County (no. 7880). Previously known only from two collections 
by Rusby, on Oak Creek, the type collection (no. 072), and at an unspecified 
locality in Aniona (no. 175), the latter being the type of S macropua Greenm. 
Dr. Greenman, who has referred S. macropue to S. quercetorum, described the 
plant as perennial, as Dr. Greene had done, but Fulton’s excellent and com- 
plete specimen in the U. S. National Herbarium (no. 7160) has a root that is 
obviously annual or, at most, biennial. 

SCIENTIFIC NOTES AND NEWS 

Dr. J. Bartels, who, as a research associate of the Camcgin Institution of 
Washington, has been engaged on the theoretical mterpretation of the accu- 
mulated observational date at the Department of Terrestrial Magnetism in 
Washington, D. C., having completed his year’s leave of absence from Ger- 
many, 1ms returned to his position in the Forstliche Hochschule in Eberswalde. 

The thirteenth annual meetings of the American Geophysical Union and 
Its sections will be held April 28 and 29, 1932. at the National Academy- 
Research Council Building, 2101 Constitution Avenue, Washmgton, D.C. 

Meetinn of scientific societies will be held in Washington as follows^ 
National Academy of Sdences, April 25 and 26; Amcncan Physical Society, 
April 28 to 30; American Seotion of International Umon of Scientific Radio- 
telegraphy, April 29; American Meterological Society, May 2. 

A bill authorising an appropriation of $30,000 to defray the expenses of 
participation Iqr the Unitra States Government in the Second Polar Year 
Piognun, August L 1932, to August 31, 1033, has been passed by Congress 
and signed by the President. 

>• IdentifioatioM and notes communicated by Dr. S. F. Blake. 



E. P. Kilup, Aflaooiate Curator of Planta, U. S. National Muaeuin, wlM 
left Washington early in February for study in European herbaria, r^KHrts 
very satisfacto^ results at Berlin. After a month at the Museum d’Histoire 
Naturelle, Paris, where he now Is, Mr. Kilup will leave for several weeks’ work 
at the Royal Botanic Gardens, Kew, and the British Museum (Natural 
History), returning to Washington early in May. The work upon whioh he is 
engagra, aside from completing monographio studies of several large groups, 
consists m the identification of extensive senes of specimens from the nortbem 
Andean region of South Amenca. This material consists partly of qiecimans 
collected upon at least a docen major expeditions, and partly of specimens 
t hat have come in dunng recent years from a large number of institutions and 
Individuals m South Amenca. 

Hobace G. Bichards has been promoted from Aid to Assistant Curator 
in the Division of Mollusks, U. 8. National Museum. 

On Wednesday evenmg, March 30, m the auditonum of the National 
Museum, a lecture imder the auspices of the Smithsoman Institution on “Plant 
Records of the Rocks" was presented by Albert Charles Seward, D.So., 
F.R.S , Master of Downing and Professor of Botany, Cambridge University. 
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CHEMISTRY . — Unhydrated solute element ions. ‘ L. H. Flint, Bureau 
of Plant Industry. (Communicated by G. N. Collins.) 

In a consideration of the hydration of some solute element-ions as 
comprised in the first two papers of the present series* attention has been 
directed to a group of electrolytes whose components behaved rather 
consistently as hydrated ions in aqueous solution. For example, 
the chlorine ion. Cl', in solutions of the electrolytes KCl, NaCl, 
LiCl, MgCh, CaCl,, AlCl,, CrCU, CuCl,, SrCl, and CdCl, as involved 
in measurements of electrical conductivity, seemed uniformly subject 
to characterization as having a hydration of seven water molecules, 
all the other ions also having the respective hydration values assigned 
them under the initial assumptions regarding hydration designated in 
Table 1, and interpreted through the assumption of change in 
weight with ionization. At this point we may examine some elec- 
trolytes which appear to give rise to unhydrated ions in aqueous 
solution. 

Hydrochloric Add, HCl. The relatively high velocity of the hydro- 
gen ion, H+, has frequently led to the conclusion that this ion is 
characteristically not hydrated. Various measurements of solution 
phenomena, moreover, have seemed to corroborate this conclusion. 
It will be of interest, therefore, to examine some observed relative 
velocities with respect to the assumptions of hydration and weight- 
change embodied in Table 1, and the above conclusion. 

The ion-conductance of the ions K+ and H+ at 18®C. as cited by 
Creighton and Fink* and derived from observed electrical conductivi- 
ties through the use of transference measurements, are as follows: 

> Bsoaived Much 28, 1982. 

<ThiflJouBNAL 22:97-119*11(1 211-217, 1932 Herein are given the tablea to which 
referenoe la made in thia paper. 

' Creighton, H. J. and Fink, C. J. BUctrochemUtry. Wiley and Sona, Vol. I, 1924, 
p. 184. 
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K+ - 64.5, H+ - 313. Referring now to Table 1 of tii6 first paper 
we may derive the assigned value for the velocity of the ion K+, con- 
sidered as hydrated, in the following manner: 

K - 38, K+ - 40 + 3 H.0 (3 X 18) - 40 +54 -94 (weightof 
hydrated ion, column 7). The velocity value corresponding with 
t^ weight is 1031 (column 8). 

We may now consider the above ion-conductance values as relative 
velocities, since each ion carries the same charge, and determine the 
corresponding relative velocity of the ion on the tabulated scale by 
solving for x in the ratio 

64.5 313 : : 1031 x 

ob8.Vel.K+ Ob8.Vel.H+ calc. Vel.K+ (hydrated) 

X - 5000. 

Determining the indicated relative velocity of the H'*' ion as 5000 we 
note that there is no such figure comprised within the series of column 
eight, representing velocities of hydrated ions, but that the figure 
corresponds precisely with the figure representing the velocity of the 
hydrogen ion, H+, considered as unhydrated, given in column four 
and derived as follows: 

H - 2, H+ = 4 with no hydration, Vj - 5000 

The agreement is in substantiation of the above-noted conclusion. 

We may now proceed to compare the observed relative specific 
molecular conductivity of HCl at 1.0 molecular concentration with 
that which would be expected under the assumption that the H+ ion 
was not hydrated 

H = 2, H+ - 4, with no hydration, ionic wt. - 4 

Cl - 34, Cl- - 32, with 7 H,0, ionic wt. hyd. - ^ 
summation wt. - 162 

1000 - 162 - 838, or 83.8% solvent. 

Observed specific molecular electrical conductivities of HCl may 
be cited as follows:* 1.0 mol. - 199.85, “0” mol. - 236.92; 199.85 -i- 
236.92 - .844, or 84.4%. 

The order of agreement is in further substantiation of the conclusion 
that the H+ ion is characteristically not hydrated in aqueous solution. 

Rubidium Chloride, RWl. The summation weight suggested by 
Table 1 as representing the solute present in a solution of RbCl 
at 1.0 molecular concentration on the weight basis if the rubidium ion, 
Rb*', does not hydrate may be calculated as follows: 

* Jones, H C. Cam. Inst. Wash. Pub No. ISO, 1013, p. 80. 
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Rb - 74, Rb+ - 76; with no hydration, ionic wt. - 76 

Cl - _J4, Cl- - 32; with 7 H*0, mol. wt. hydrated - 158 
108 — mol. wt., anhyd. summation weight « 234 
From this value the relative weight of solvent may be derived as 
1000 - 234 - 766, or 76.6%. 

The relative specific molecular electrical conductivity of RbCl at 
1.0 molecular concentration may be derived from observed values at 
18®C. as follows:* RbCl at .001 molecular concentration = 130.1; 
at 1.0 molecular concentration = 102; 102 + 130.1 => .784, Rel. sp. 
mol. conductivity = 78.4%. 

The apparent specific molecular conductivity at ''zero” concentrS' 
tion may be presumed to be somewhat higher than that at .001 molec- 
ular concentration, with the relative value at 1.0 mol. somewhat 
lower. The agreement between the value calculated on the above 
basis (76.6%) and the observed value (78.4%) calculated from a some- 
what low base, may be considered as evidence that the Rb+ ion in 
aqueous solutions of RbCl is not hydrated. 

Caesium Chloride, CsCl. The summation weight suggested by 
Table 1 as representing the solute present in a solution of CsCl at 1.0 
molecular concentration on the weight basis if the Cs*'' ion does not 
hydrate may be calculated as follows: 

Cs « 110, Cs+ = 112; with no hydration, ionic wt. =112 
Cl = 34, Cl- = 32; with 7 HjO mol. wt. hydrated = 158 
summation wt, = 270 

From this value the relative weight of solvent may be derived as 
1000 - 270 = 730, or 73.0% solvent. 

The relative specific molecular electrical conductivity of CsCl at 
1.0 molecular concentration and Ifi^C. may be derived from observed 
values as follows:* 

CsCl, 1.0 mol. cone. = 98.8, .0005 mol. cone. = 131.05; 98.8 + 
131.05 - .754. Relative specific molecular conductivity = 75.4%. 

The apparent specific molecular conductivity at “zero” concentra- 
tion may be presumed to be somewhat higher than that observed at 
.0005 mol. Under the circumstances the order of agreement between 
the calculated value (73.0%) and the value as observed (75.4%), 
appears to constitute evidence that the Cs+ ion in aqueous solutions of 
CsCl is not hydrated. 

Although in the electrolytes HCl, RbCl and CsCl the positive ion 

• Values oited are from Int Crit Tables, Vol 0, p. 234 

• Previous citation. 
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haa been indicated as unhydrated, there appears to be no reason why 
the absence of hydration may not characterize the negative ion. On 
such an assumption we may examine further as follows: 

Potaamm Bromide, KBr. The summation weight representing the 
solute present in a solution of potassium bromide, KBr, at 1.0 molec- 
ular concentration on the weight basis if the bromine ion, Br~, does 
not hydrate may be calculated as follows: 

K = 38, K+ - 40, with 3 HtO, mol. wt. hydrated =» 94 

Br = 70, Br- = 68, with no hydration, ionic weight - 68 
summation wt. = 162 

From this value the relative weight of solvent present may be derived 
as 1000 - 162 - 838, or 83.8% solvent. 

The relative specific molecular conductivity of a 1.0 molecular solu- 
tion of KBr, may be approximated from observed values at 0°C. as 
follows:^ .5 molecular concentration = 65.82; .000976 molecular con- 
centration = 79.23; 65.82 -s- 79.23 = .831. Relative speciho molecular 
conductivity at .5 molecular concentration =* 83.1%. The corre- 
sponding value for 1.0 molecular concentration is not given in the 
reference cited, and would be somewhat less, — yet the indicated order 
of agreement appears to constitute evidence that the Br- ion in 
aqueous solutions of KBr is not hydrated. 

Potaasium Iodide, KI, The summation weight representing the 
solute present in a solution of potassium iodide, KI, at 1.0 molecular 
concentration on the weight basis if the iodine ion, 1', does not 
hydrate may be calculated as follows: 

K = 38, K+ - 40, with 3 HiO, mol. wt. hydrated - 94 
I = 106, I- “ 104, with no hydration, ionic wt. 104 
summation wt. 198 

From this value the relative weight of solvent may be derived as 
1000 - 198 - 802, or 80.2% solvent. 

The relative specific molecular conductivity of a 1.0 molecular 
solution of KI may be derived from observed values at 18°C. as 
follows:* 1.0 molecular concentration » 96.8; .0005 molecular con- 
centration = 121.2; 96.8 + 121.2 - .799. Relative specific molecular 
conihictivity -» 79.9%. 

The agreement between the predicted value (80.2%) and the ob- 
served value (79.9%) is of an order to constitute evidence that the 
I- ion in aqueous solutions of KI is not hydrated. 

> Jones, H C. Carn Inst Wash. Pub. No. 170, 1912, p. 21. 

■ Jones, H C. and Caldvell, B P. Am. Cbem. Joum , May 1001. 
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The consideration of electrical conductivity measurements of 
aqueous solutions of HCl, RbCl, CsCl, KBr, and K1 suggests that 
there may be hydrated ions in association with unhydrated ions, and 
that the unhydrated state may characterize either the ix>sitively- 
charged or the negatively-charg^ component. 

It will now be of interest to note that a similar examination of the 
relative specihc molecular conductivities of the electrolytes cadmium 
bromide, CdBrt, and cadmium iodide, Cdl>, leads to the con- 
clusion that in aqueous solutions of these salts all ions are hy- 
drated. Yet we have heretofore noted that in association with 
potassium as KBr and KI the ions Br~ and I- were indicated as not 
hydrated. Under the circumstances it appears that the presence or 
absence of the hydration of the Br- and 1“ ions may be a matter of 
association. Since by the precepts of the present inquiry hydration 
conditions the velocity of an ion it follows that we have come into 
variance with the Kohlrausch Law of the Independent Migration of 
Solute Ions, which holds velocity as independent of association. 

In connection with the consideration of the hydration charac- 
teristics of inorganic and organic molecular ions in subsequent papers 
of this series it will be of interest to note from time to time further 
evidence that association may condition the presence or absence of 
hydration. Within the limits of a specified state, hydrated or unhy- 
drated, the Law of Kohlrausch has been shown in this and in the fore- 
going papers to be applicable in substantial measure to concentrated 
solutions. , Yet with the accession of additional evidence that the two 
states, hydrated and unhydrated, may characterize the ions of the 
same elements in different electrolytes, it would appear that the law 
would fail as a correct description of velocity relationships. 

CHEMISTRY. — Lignin-like complexes in fungU Charles Thom 
and Max Phillips, Bureau of Chemistry and Soils. 

Recent papers dealing with the decomposition of plant residues 
(Waksman and associates)* point to the lignins as decomposing more 
slowly than other plant constituents, hence as tending to accumulate 
as a result of the rotting of plant materials. The abundance of these 
lignin-like complexes in soil organic matter is noted as confirmatory 
evidence. The accumulation of the remains of soil microdrganisms is 
also indicated as one source of these slowly decomposing substances. 

‘ Received April 1, 1932. 

* Summsrited with bibliographic notes by Waksman, S. A PrincipUa of Soil Micro- 
biology. Ed 2. Chapter 24. 1932. 
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Additional information as to lignin-supplying organisms becomes 
therefore of interest. 

Every field student of the fungi is familiar with the abundance of 
black and brown (dematiaceous) species upon the surfaces of decaying 
vegetation. They give a dirty black brown color to plant remains in 
the field and the fence comer during the moist portions of the year. 
Many of them are less familiar with the fact that these organisms 
predominate only in the presence of air and light. They are not com- 
monly foimd actively vegetating entirely below the surface of the soil. 
In connection with our studies of decaying crop residues, certain 
analyses have been made in the Bureau of Chemistry and Soils, which 
may be worthy of record. 

Four of these species common on the soil and on decomposing plant 
renoains, were grown upon Czapek’s solution which presents sucrose as 
the only source of carbon. These were incubated until thick masses 
of dark mycelium were developed. The cultures were then filtered 
through sintered glass Jena crucibles, washed with water, dried at 105°C. 
The dry material was extracted with a 1 ; 1 alcohol-benzene solution, 
dried and analyzed for lignin by the fuming hydrochloric acid method 
(J. Assoc. Off. Agrio. Chemists 15; 124. 1932). The percentage of 
lignin was calculated on the oven-diy (106®C.) material. 

The results of the analyses have been tabulated as follows: 


Bpaola Pw Mot Licain 

(1) Allernarta ap .... 17 25 

(2) Epicoccxm ap ... . 20 30 

(3) SeUroltnia itberltana (with aclerotia present) ... 7 85 

(4) Cladotporinm ap 29 27 

The amount of lignin found was sufficiently striking to suggest the 
analysis of certain bracket fungi. 

SpedM FWMntLIcDin 

Hydnum eaput-urti (pure white) 2 65 

Potyponu aulphureui (aulphur yellow) 3 40 

TraTTuUa pint (deep brown) 54 08 

Fomea igniariua (simoat black) 36.05 


There is a marked contrast between the pure white Hydnum and 
the sulphur yellow Polyporus on the one side and the deep brown 
Trametea and almost black Forma, on the other. Confirmatory 
analyses of other cultures and samples support the view that the dark 
brown, leathery, black and carbonaceous masses produced by whole 
groups of fungi are high in organic complexes of a lignin-like character, 
whereas the colorless or light colored fungi have little lignin-supplying 
power. 
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A possible relationship to soil organic matter might be suggested by 
the predominance of black and brown molds on vegetation decaying 
at and just above the surface of the soil as such decomposition occurs 
under natiu'al or so-called “virgin’' soil conditions. Brown and black 
forms produce very little growth in material plowed under, hence play 
little part where clean cultivation involves covering all crop residues 
with several inches of earth. 


CONCLUSION 

In the analyses reported (a), the brown walled molds such as Clado- 
aporium and AUemaria contain high percentages of lignin-like sub- 
stances (such as 17.25 to 29.27% in dry matter) upon culture media 
presenting sucrose as a sole source of carbon, (b) Brown walled 
bracket fimgi such as Trametes pini and Cornea iqniariua contain even 
higher percentages of these “lignins.” (c) The light colored bracket 
fungi showed correspondingly little lignin-like substance. 

PALEONTOLOGY. — New apedea of foaail Raninidae from Oregon.'^ 
Mart J. Rathbun, U. S. National Museum. 

From time to time Dr. Hubert G. Schenck of Stanford University 
has given to the National Museum various crustaceans from the 
Tertiary of Oregon. Among them are four new Raninidae which are 
here described and will be incorporated in Schenck’s report on the 
region. 


Ranlnoides oregonensis, new specioa 

Seemingly related to R. eugenenata Rathbun* from the Ohgocene of Lane 
County. Anterior portion of carapace lacking. Carapace broadest at 
anterior f, broader than in eugenenata, but hke that species, convex from 
aide to aide and sloping gradually downward on the median hne from the 
anterior to the posterior end. Surface covered with mmute granules not 
visible to the naked eye and with the tips rubbed off, appealing like punctae. 
A lateral apine near anterior fifth and directed obliquely forward is broken off 
near base. Length (estimated) 38, greatest width behind spmea 32, posterior 
width 16 mm. 

Type-localtty . — Near Dallas, Polk County, Oregon; limestone formation. 
Eocene. Cat. No. 371922, U. S. N. M. 

Lyreidus alseonus, new species 

The specimen, encased in a nodule, was originally longer and flatter than 
at present. The carapace is cracked across the widest part and again across 

‘ Published with the penniaaion of the Secretary of the Smithaonian Institution. 
Received February 20, 1932 

• Bull. 188, U. 8. Nat. Mus , 1023, p 06, pi 24, fig. 4. 
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the front half, the broken edges overlapping ea^ other and at the middle 
pushed upward. There is also a longituifinaT break at the left of the median 
line. Front narrow, widening a little at extremity; at the left 2 rounded 
lobes separated by a subrectangular sinus and suoce^ed by a rounded sinus. 



Fig. 1. (Left) RatutuneU* oregonenait. Donal view of oarapace of holotype, showing 
lateral spine, x 1-1/2. 

Fig 2 (Right) Ramnnidea oregonensia Same speelmen from the right side, showing 
part of lower surfaee, x 1-1/2 


Fig. 3 (Loft) Lymdwi alaeanus. Dorsal view of an inner layer of carapace of holo- 
type, cracked and out of shape, x nearly 2 

Fig. 4. (Right) Lt/retdus alaeanut. Lower side of upper layer of carapace of same 
specimen, x nearly 2. 

all of which occupy half or nearly half the front. Carapace widening rapidly 
from rostrum to lateral angle, in front of which on the right side there is a 
small knoblike tooth, longer than broad, curving forward and away from the 
antero-lateral margin; just outside this tooth is the impression of another. 
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Fig. fi. (Left) EumorphocoryiUn aekenckt Dorwl view of carapace of holotype 
showing antero-lateral spine, x 1-1/2 

Fig 6 (Bight) EumorphororynUt arheneln. Left profile of same carapace, x 1-1/2. 



Fig. 7 (Left) EumorphoairyaUa leueoaiaa Dorsal view of carapace of holotype 
showing orij^ of lateral spine and portion of right arm, x 2 

Fig. 8. (Right) Eumorplwcoryalea leueoaiae. Left side of holotype showing ohela and 
fragments of legs, x 2 
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Behind the lateral spine the angle of the carapace is rounded and the post- 
lateral mar giim are blunt and converge rapidly toward the posterior end. 
Exposed dorsal surface with some fine granulation near antero-lateral border; 
this is, however, not the true outer layer which is shown in the opposing half 
of the nodule (Fig. 4); its under surface is exposed and is covered with Wge, 
smooth, almost conti^ous granules, which in the reverse or upper layer must 
appear as so nuiny pits. At the lateral ande on what is the true right side 
there is a tooth pointing directly outward; uiis is a stout, blunt tooth similar 
to the one described above but straighter; one or two or the teeth or spines 
indicated may belong to the carpus of the oheliped. 

Apparent length of carapace ^.6, width 23.7 mm. 

Type-hcalUy . — Tuffaceous sandstone on S. side of Alsea Bay about } 
mile E. of B.M 12, and \ mile E. of Waldport, Lincoln Co., Oregon; Sec. 
20, T. 13 S., R. 11 W. Lower Oligocene. Sept. 14, 1028. Hubert G. 
Schenck. Cat. No. 371901, U. S. N. M. 

Eumorphocoiystes schencU, new species 

Two carapaces, very convex from front to back, more so from side to side. 
Shape, broad oval, width 40 mm., length about 45. Fiont narrow, about 

1 as wide as carapace excluding spines; details obscure. A spine at anterior 
third of lateral margin or about 16 mm. behind margin of front; spme 6.7 mm. 
long, tapering to a slender point and directed well outward. Behind the 
spines the side margins arc parallel along the middle third. Postenor margin 
somewhat wider than anterior, and slightly convex. Surface covered with 
laim round pits, irregularly disposed, rarely in contact. A blunt, longitud- 
mal, median carina the length of the carapace, becoming widest between the 
crescentic, branchio-cardiac grooves. 

Type-localUy . — Washington County, Oregon, near center of section 3, T. 

2 N., R. 5 W., Beaver Creek road. Gales Creek to Tunber, 3 mdes S. of Timber. 
Keasey formation, "Cardtutn weaven" sone, Ohgocene, Holman 27. John 
T. Holman and H. G. Schenck collectors, 1631. Cat. No. 371921, U. S. N. M. 

Eumorphocoiystes (?) leucoslae, new species 

Carapace subglobular, httle longer than broad, postenor margin | as 
wide as carapace, subtrunoatc, a little concave at middle; front about i 
as wide as carapace; middle third of lateral margms subparallel. Surface 
covered with small pits, interspaces rough with fine granules; two longitudinal 
furrows through middle of carapace, near together at postenor third, diverg- 
ing at either end, more so antenorly; intermediate surface convex; branchial 
regions swollen. Lateral spine indicated at anterior third of lateral margin. 
Left chela uncovered, palm elongate, widening distally, half as wide as 
superior length, bluntly carinate above and armed with four spines below. 
F'ingers strongly deflexed, tips crossing, prehensile edges wavy, meeting, 
outer edges carinate, carinae set off by a furrow. Fragment of arm rou^ 
like carapace. 

Approximate length of type carapace 28.6, width 23 mm. A larger speci- 
men is 30.3 X 26.2 mm. 

Has much the appearance of a Leucosiid. 

Type-locality . — Polk County, Oregon, center of E. line of N. W. quarter of 
Section 21, T. 6 S., R. 6 W.; very promment cut m bank on E. side of Mill 
Creek, visible from road from BueU to Sheridan. Formation prot»bly Keasey, 
“Cardium weaven" sone, Oligocene. Holman ft 1. John T. Holmw collec- 
tor, 1931. Cat. No. 371902, U. S. N. M. 
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ZOOLOGY — of a grass of the genus Cyanodon caused by a 
new nema of the genus Tylenchua BasU N. A. Cobb, Bureau 
of Plant Industry. 



1 Received April 1, 1932 

'The genua name Tylenchus ia uaod here inatead of a recently discovered prior 
aynonym becauae of the author’a confidence that if and when the attention of the Inter- 
national Commiaaion on Zoological Nomenclature ia called to the matter it will decide 
that far greater confusion and inconvenience will be caused by following the rule of 
priority in thie caae than in not following it, and will abrogate the rule, as it has power 
to do in such caaea. 
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and contain a nucleus half as wide as themselves, which is more granular, 
and which contains a distinct, highly refractive, spherical, structureless- 
looking nucleolus about one-thiM to one-fourth as wide as the nucleus itself. 
Notwithstanding the sise of the sperms, a fertilised female may contain 
hundreds of them. The matured ova are rather 



coarsely granular, are pressed one against another 
in the ovary and sometimes appear wider than 
they are long, and in some parts apparently are 
packed more densely than double file. At (he vulva 
the body of the female suddenly diminishes in diame- 
ter, BO that in pas^g ono-half body length caudad 
the diameter dimini^es fifty per cent. 

The transverse striae of the cuticle, measured 
just behind the vulva, are one micron apart. 

The inconspicuous, posterior, bulbous half of 
the spear, wluch accoi^ with conditions found 
in some other species of Tylenchus, suggests 
that published iUustrations and descriptions 
of a considerable number of Tylenchi may ulti- 
mately have to be revised for the reason that 
the more obvious anterior half of the spear has 
been inadvertently described as if it were the 
entire or|i^. Sometimes the posterior portion of 
the onchium of a Triplonch may, even in life, 
be very inconspicuous and become nearly invisi- 
ble when mounted in glycerine or glycerine jelly, — 
still more so m bals^. Under such deceptive 
conditions the real lenf^ of the spear is some- 
times indicated by the length of the contractile 
fibers passing from the labial framework to the 
tribullwuB tffise of the spear, as in the present 
case. See Fig. 3. 


Fig. 2 —A mil from the tie- 1 1 'A'd/ rtM’ si' 

ShMth.^ A® Srtion^ of S Th® vas deferens and ejaculatory duct occupy the 
■heath tiuue pulled away greater portion of the body cavity toward the 
nearly intact The inner tie- posterior extremity of the male. The testis is 
strongly developed and at its bent blind end is 
Th^m Jlh^ii Jrior slightly expanded, measuring there about one-half 

dutinot from the wall, and oc- the corresponding body diameter. At first the 
a diatinct cavity, m primary spermatocytes contain large subepherical 
nuclei with distinct nucleoli, the nuclei being 
adJlt^neSiM Md^the^SSmer! one-fifth to one-sixth as wide as the corresponif 
ouB egn and larvae ahown ing portion of the body. 

were taken from another gall Habitat: Found in small galls on the above- 
g™nnd parts of the grass Cyanodon «p.?,— pre- 

C. A S. Hlteh- 

cock). The plants are killed by the parasite, 
the grass dying off in patches. Sent by Dr. Potgetier, from Pretoria, South 
Africa. 


Diagnoeis. l^lenchus tumefaclens n. sp. Tylenchus Bastian, formed and 
dimenrioned as indicated in the formulae, iUustrations and italicised text. 
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This nematcHais* has recently come to notice in a number of Bradley 
grass lawns in Johannesburg and Pretoria. It seems probable that it 
occurs widely. Usually it is first noticed in small patches. A close 
examination of a diseased plant discloses greenish or reddish lumps 
up to the size of a canary 

seed, occurring on the stems ^ ll ^ -P 

and leaves, — less often in it ' 

the inflorescence. Breaking 

these tiny galls, one discov- t 

ers with a magnifying glass ' [|J£\\ Ij 

that the interior of the gall ;; lu I 

is inhabited by nemas, the i U \ 

cause of the disease. An in- ‘ jatf 

festation of one Pretoria jf 

lawn was traced to another 'M If \ MM r 

lawn, from which some ^ ^ | \ V 

planting grass had been \ A 1 \ ' 

taken. ^\\\\ V 

The tiny galls, or tumors, \ \ ffi’ -W ' i 

on the grass are so incon- V^\/ VI. - 3 • / 

spicuous that they might //| W f / ' 

easily escape notice and the // /(v -vl ^ 

disease be unwittingly ^ 

spread. Once present, the ^750 ogr X7B0 esf^sd ^ in 
disease accumulates, and Fig 3 —Lateral and ventral views of the tail 
after a year or more, patches specimen of TyUwhut unu- 

, ... , taerens n sp Below, head of the same, dorsal 

of ailing grass become ap- The upper small figure is of a spermatocyte 

parent. The pest is be- whose nucleus shows chromosomes. Of the two 
lieved to have been present mWdlo figures, the upper is a front view of the 
in Pretoria for some vears showing the four submedian papillae and 

mrreiona lor some years, 4^,^ duplex amphlds, while immediately below 
Xhs EDSHdonincnt of ono in an optical section at the base of the lip region, 
variety of lawn grass* is each magnified about fifteen hundred diameters, 
probably due to this disease. 

Precautions. 1. Prompt burning off of diseased patches after spray- 
ing with inflammable Uquid, — i.e. kill the tops, not the roots. 2. A- 
' voidance of seed and cuttings from infested areas. 3. Unusually 
careful inspection of grass cuttings used as sets. 4. Recleaning of 
suspected grass seed. 


ogr X 760 


' Abstract from South African Qardening and Country Life 19, Jan , 1926. 

* Variety “Red Quick Graoa,” preaumably a epeoies of Cyanodon. N. A. C. 
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ZOOLOGY . — The life in the ocean from a biochemical point of view.'^ 
Paxjtl S. Galtboit, United States Bureau of Fisheries. 

For many years the interest of zoologists engaged in a study of 
marine life centered around morphological and taxonomic problems. 
Numerous expeditions organized by every civilized country of the 
world have collected an enormous amount of zoological and botanical 
material and have accumiilated many data concerning the distribution 
of animals and plants in relation to the physical and chemical condi- 
tions in the sea. Many efforts were made to take a census of the total 
population of the ocean and to determine its fertility. For that pur- 
pose thousands of samples of plankton and of the forms living on the 
bottom were collected and studied. The reports of these investiga- 
tions fill thousands of pages and are at present available for further 
scientific analysis. Unfortunately in many instances when attempts 
were made to correlate the biological data with physical and chemical 
observations, the results were conflicting and difficult to interpret. 
It seems that quite often the broader problems of oceanic biology 
were buried under the vast material accumulated by the expeditions, 
and that the scientific research was not in proportion to the effort and 
money spent. 

During the last ten years there has been a revival of interest in 
oceanographical research in this country, which culminated in the 
establishment of a number of new institutions for the study of the 
ocean. The question naturally arises as to what are the outstanding 
problems in modem oceanography which justify both the expenditure 
of large sums of money and of human effort. It is quite obvious that 
the continuation of purely taxonomic and descriptive investigations 
so extensively carried out since the time of the Challenger’s expedition 
will not help in unravelling the complicated relations that exist between 
the inhabitants of the sea and their environment; neither will they 
determine the factors that control their propagation and distribution 
in the ocean. 

One of the main results of previous studies was a recognition of the 
fact that the popiUation of the sea is subject to regular cyclic changes. 
Certain forms appear during definite seasons, reach the mayiTnum of 
their abundance, then decline and give place to another group of forms, 
which pass through a similar cycle. Inasmuch as these changes are 

* Received February 9, 1932. Third paper in a BympoBium, Major probUtiu^of 
modem oceanographic retearch, at the meeting of the Amerioan Aaeociation for the 
Advancement of Science, at Pasadena, Calif., June 17, 1931. 
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very pronounced in planktonic forms, like diatoms or dinoflagellates, 
most of the investigations concerning the periodicity of life cycles refer 
to these organisms. However, cyclic changes occur also in nektonic 
and benthonic forms. Many speculative theories were advanced to 
eixplain this phenomenon. Real progress was made during the last 
decade by the investigators of the Plymouth Station (England) who 
have demonstrated that cyclic changes are accompani^ by profound 
changes in the chemical composition of sea water, and that the decrease 
or increase in the amount of various salts (phosphates, nitrates, sili- 
cates) can be correlated with the abundance or scarcity of various 
planktonic forma. Thus the morphological and taxonomic investiga- 
tions in oceanography gradually give place to physiological and bio- 
chemical research. 

The propagation of organisms in the ocean is dependent on the 
presence of various elements which are necessary for the building up of 
their bodies. Lack of a necessary element or its presence in a state 
not available for a given organism becomes a factor preventing its 
growth and propagation. Thus, the minimum concentration of any 
substance indispensable for a given organism becomes a factor limiting 
the propagation of this particular species. This principle established 
by IJebig and known as the “law of a minimum” is applicable both to 
land and marine forms. 

There exists a great variety of physical and chemical factors that 
may interfere with the growth of living forms or check their propaga- 
tion. On the other hand a temporary absence of limiting factors may 
result in an extremely rapid propagation of the organism which, in 
a short time, may fill up all the space available for its growth. Such 
a phenomenon, quite conunon in unicellular and planktonic forms, has 
bwn very appropriately called by Vernadsky “an explosion of life.” 
It is often otraerved in fresh water ponds or in enclosed bays. The 
best example of it in the sea is found in a sudden propagation of a 
diatom Aulacodiscus ketloni along the Copalis beach in the state of 
Washington, where under certain conditions described by Becking and 
others* it develops in a nearly pure culture. As a result of this rapid 
development a large amount of phosphates, nitrates, silicates, and 
other salts, are withdrawn from the sea water, accumulated in the bodies 
of the diatoms and deposited in a thick layer on the bottom. The 
process continues for several days, then ceases, to recur again after a 

• IWHn g, L. B., Tolman, C. F., McMillin, H. C , Field, J., and Haahimoto, Tadalohi. 
Eoonomlo Geology 8S: 806-^. 1927. 
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period of inactivity which may last for eeveral weeks. The develop- 
ment of Atilacodiscus is a good example of a dynamic equilibrium that 
exists between the living organism and the surroimding medium. 
The diatom withdraws from the solution and accumulates in its body 
several elements that were present in the water, producing considera- 
ble change in the chemical composition of the latter which, in turn, 
becomes a factor limiting its further growth and propagation. There 
is no doubt that every organism behaves in a similar way differing 
only in the velocity and type of chemical reactions involved in its 
activity. 

The biochemical r6le of organisms in the ocean can be understood 
by comparing the chemical composition of sea water with that of the 


TABLE l.—Tam Avkbagk Composition or Sba Watbb (According to W. I. 
Vernadskt) 


EbmanU 

Fsrouit 

SlnaAnU 

PsrMot 

0 

86 80 

Fe 

1 6 X 10-* 

H 

10 67 

Ag 

1 X io-< 

Cl 

2 07 

p 

n X 10-* (n X 10-») 

Na 

1 14 

Ar 

6 X 10-* 

Mg 

1 4 X 10-‘ 

I 

n X 10-* (n 3) 

S 

0 X 10-* 

F 

3 X 10-* 

Ca 

6 X 10-* 

B 

n X 10-‘ 

K 

4 X 10-* 

Cu 

n X 10-* (n - 1 or 2) 

c 

3 6 X 10-* 

Li 

6 X 10-« (8 X 10-*) 

Br 

2 X 10-* 

Au 

1 2 X 10^ 

N 1 

1 0 X io-» 

As 

1 X 10-* 

Rb 1 

1 6 X 10-* 

Th 

1 X 10-* 

Bi 

n X 10-* (n - 37) 

Zn 

n X 10-» (n 1 27) 



Ra 

n 1 4 X 10-» 


living matter. In this attempt we meet with an unexpected difficulty. 
Our knowledge of the chemical composition of sea water is very inade- 
quate. Most of the analyses deal with the salts that are found in 
relatively large concentrations, and neglect the elements occurring 
in very small amounts. Yet, as it will be shown later, the physiological 
rdle of the latter may be of great importance, and their presence in the 
water may be prerequisite for the propagation and development of 
certain forms. The most complete summary of the present state of 
our knowledge of the chemical composition of the sea water is given 
by Vernadsky* in Table I. 

' Vernadsky, W. Rev. Gen. d. So. Puree et Appliques, S6: 6-13. 1024. LaOeockimie. 
1024. Libr F. Aloan. Paris. 
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An examination of Table I shows that our knowledge of the composi- 
tion of the sea water is far from being complete, and that for a number 
of elements the quantitative data are only approximate. The table 
does not contain data for Al, Pb, Ti, Sr, and V which were found in 
certain marine organisms and probably occur also in sea water. On 
the other hand, one must bear in mind that the investigations of 
Atkins, Nathanson, Harvey and others have demonstrated that the 
concentrations of nitrates, phosphates, and silicates, do not remain 
constant, but are subject to considerable fluctuations, depending on 
the activity of the organisms. Thus, the old conception of the con- 
stancy of the chemical composition of sea water, established by Forch- 
hammer in 1850-1860, and up to present time generally accepted in 
oceanographical literature, should be considered with certain reserva- 
tions. We know that not only does the salinity (i.e. the total amount 
of salts in solution) vary in different localities, but that there exist 
considerable fluctuations in the proportion of certain salts. Although 
the absolute figures may appear insignificant (for instance the phos- 
phate content of the water in the Faeroe-Shetland Channel varies 
from a few to forty milligrams per cubic meter), they may have a 
strong effect on the population of the sea. 

A comparison between the chemical constituents of the sea water 
and those of the living matter convinces us that many of the elements 
that occur in the sea in a highly dispersed state are accumulated in the 
bodies of the living forms. Unfortunately, whereas the chemical 
composition of the sea water is not well known, our knowledge of the 
chemical composition of the living matter is even more fragmentary. 
According to Vinogradov* less than one-half of one percent of all the 
living species have been subjected to elementary chemical analysis, 
which in most of the cases dealt with only a few elements. Analyses 
of the whole body of the organisms are also nearly absent, the chemical 
data usually referring to the comporation of the separate organs, skele- 
ton, or blood. 

Excepting the well known work of Biltschli* and a general review of 
Aron' ^e information regarding the chemical composition of various 
organisms is available mainly from the mineralogical literature and 
refers almost exclusively to the skeletons and shells. The most impor- 

* Vinogradov, A "Friroda” No 3, pp. 230-264 1031. 

* Batsohll, O. Zool. Am SO: 784. 1006. K. Oesell. Wise. Gottingen, Math-Physlk. 
Kl. 6, Buul e. 1008. 

* Aron, H. Uppenheimer Handbuck d. Bioohenue, I, p 62. 1000. 
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tant contributions are those of Cayeux,^ Samoilov,* Vernadsky and 
Clarke and Wheeler.* These investigations closely connect the prob- 
lems of marine biology with geology and mineralogy, and stress the 
rdle of living forms in the origin of various minerals of sedimentary 
rooks. 

A survey of available literature on the subject reveals that the same 
elements that are found in the sea water occur also in the organisms, 
although in entirely different concentrations. Some of them as for 
instance calcium, sulphur, potassitun, carbon, nitrogen, silicon, iron, 
phosphorus, iodine, fluorine, boron, copper, zinc, manganese, vana- 
dium, lead, and titanium are concentrated in the living matter while 
others, as for example sodium, chlorine, bromine, magnesium, occur in 
it in concentrations approximately equal to that in the sea water. 


TABLE II.— Accumulation or Elbuxnts bt Living Mattiib 



Coaocatrmtloa TimM 

S 

100 

P 

1000 

Si 

1000 

K 

10 

Fe 

100 

Zn 

10,000 

Cu 

100 

I 

100 

Aa 

100 

B 

10 

F 

10 


Vernadsky gives estimates (Table 2) of the minimum concentration 
of various elements in the bodies of marine forms, as compared with 
their concentration in the sea water. The flgiu^ do not refer to any 
particular organism but are the averages for the living matter in 
general. 

Although it is known that Al, Mn, Pb, Ti, and V are accumulated 
by the organisms, it is impossible at present to express their concentra- 
tions in definite figures. 

Marine plants and animals can be grouped on the basis of the ele- 

' Cayeux, L. ItUroduclton d I’Hude pilriographtque dei rochea sidimenlairet. Faria. 
1016 

' Samoilov, J Mineral. Magaiine 18: 87 1917. Comp. Rend. d. XIII, Congr. 
Geolog. Intern 1024 Centr , of Mineral. 19, 694. 1024. 

• Clarke, F. W , and Wheeler, W. Q. Proc. Nat. Aoad. So. 1, p. 262. 1016. U. 8. 
Qeol. Surv. Prof. Paper 124 1922. 
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meats that ate aconmulated by Ibeir bodies. The space of this paper 
does not permit us to give a complete list of them, and we have to 
restrict our discussion to a few outstanding examples. We begin 
with the accumulation of calcium. According to Clarke '<> the annual 
deposition of calcium in the sea amounts to 1400 million tons. The 
greatest rdle in the process of withdrawing lime from solution and 
depositing it on the bottom should be attributed not to the vertebrates, 
corals, molluscs or other larger organisms with calcareous skeleton, 
but to the smallest Protozoa belonging to the group of Coccolitho- 
phoridae. Their importance in the deposition of c^cium was sug- 
gested by Lohman," who found that every twenty-four hours one-third 
of the population of these forms dies and sinks to the bottom, where it 
takes part in the formation of calcareous deposits. 

The skeletons of marine organisms accumulating calcium are built 
either of calcium carbonate (aragonite and calcite CaCOs; dolomite, 
CaCOtMgCOi) or calcium phosphate ( 3 Caa(P 04 )iCaC 0 ) and apatite 
(CaF)Ca 4 P|Oii. A study of the chemical composition of shells of 
Brachiopods and Echinoderms by Clarke and Wheeler (1915, 1922) 
reveals an interesting fact that there exists considerable difference in 
the composition of the skeleton of various forms belonging to the same 
class. According to their work, the Brachiopods fall into two distinct 
groups; the shells of one consisting mainly of calcium carbonate with 
little organic matter, while the shells of the other group are formed 
mainly of calcium phosphate with much organic matter. The first 
group is represented by species of TerebrattUa, Crania, Waldheimia, 
and others, while the second group comprises Lingula, Disciniaca, 
and Glottidia. The two groups are physiologically quite dissimilar, 
the chemical reactions involved in building the shells being of two 
different orders. Such a distinction, said Clarke, “ought to be signifi- 
cant to biologists and it is for them to determine what it means.” 
Unfortunately, the biologists know very little about the reactions 
involved in building of shells and the significance of the difference just 
described is not understood. 

Evidence that difference in the chemical composition of animals can 
be correlated with their habitat, and possibly with the temperature of 
the water in which they live, is found in another paper of Clarke and 
Kamm** dealing with the analyses of Echinoderm shells. Different 
species of starfishes show, according to this paper, a progressive enrich- 

*• Clarke, F. W. Dala of Oeochemulry. 1924. Washington. 

“Lobmann, H. Intern. Rev. Gee. Hydrol. 1: 309-323. 1008. 

“ aaike, F. W , and Kamm, R. M. Proo. Nat. Acad. Scl 8: 401. 1917. 
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meat in magnesia foOowiag an inereaae In the tattperatuiy of their 
habitat lntlieepeoiaieDaih}mhic^laiitudeBorffattd9ep$^Maafllie 
prc^rtion of ma^Mahim oarbonate rangM froiix7 to 10 J^eroent^ nhile 
those from trc^ioal waters contain from 11 to over 14 peroent. We 
have at present no explanation to offer for the existence of such 
differences. These example show very plainly that even within one 
taxonomic group the organisms differ from each other not only morpho- 
logically but aim in the chemical composition of their bodies. 

The cycle of silicon and the accumulation of this element by diatoms, 
radiolaiia, and siliceous sponges is another oceanographical problem 
which attracted a great deal of attention. The rdle of the diatoms in 
the life of the ocean is well known to everybody acquainted with 
oceanographical problems. However, the question concerning the 
source of silicon, which is used by diatoms for building their tests 
remains unsolved. Murray has expressed a view that the amount of 
silicon foimd in solution in the sea water is insufficient to supply the 
demands of the diatoms and that the latter obtain this element by 
splitting the clay particles suspended in water. Later on (Murray and 
Irvine'*), he was able to show experimentally that Navicula can live in 
water containing no silicon in solution, but only in suspension. These 
findings were corroborated by Vernadsky'* who observed the formation 
of aluminum hydrates in the culture of NUzchta grown together with 
the unidentified bacteria in a medium which contained silicon only in a 
form of suspended clay particles. It is known that the minerals, like 
mica, epidote, nephelene and others, transform into kaolin without 
changing their kaolin nucleus which has the following composition — 
HtAlfSifOiHiO. The kaolin nucleus is a very stable chemical com- 
poimd which withstands heating up to lOOG^C., but can be split by 
treatment with concentrated HtS 04 at 100°C. Yet it is apparently 
decomposed by the action of the organisms. The question is still 
open whether this is due to the activity of the diatoms or should be 
attributed to the bacteria that were grown in the diatom cultures. 

We may briefly mention other organisms which are accumulators 
of varioiis elements. It is a well known fact that iodine, which occurs 
in the sea in minute amounts, is accumulated by algae, gorgonacea, 
and sponges. In the latter it is found in the form of an albuminoid 
(CmHitI NioSjOj). The amount of iodine in these organisms varies 

>■ Murray, J , and Irvine, R Froo R Boo Edinb 18: 2iS. 1891 
** Vernadsky, W Comptee. Rend Aoad. Sci , Paris, 460-162. 1922. Rev. Qen. 
d. So Pures et Appliques, M: 42 1923 



HAT 4t lOSSt^ OAXiTBOirr: xn un nr ths ocban 203 

d»y sabilaiiee (!(hrgonia^uierosa) to 7.^inQorgonia 
'^ouD ttttoiqitfloCiodiBe were observed in various molluscs 
sni^, Iww. ^die idiysiotogioal mgnifirwnee of this element in tibe 
mefiaboUsm of these forms is unknown. 

Tim presence of copper in the bodies of marine invertebrates has been 
an object of numerous investigations. It is well known that copper 
enters into the composition of a respiratory pigment, haemooyanin, 
which in several forma (lobster, shrimps, crawfish and others) plays 
the rfile of haemoglobin. Copper was found also in a Coelenterate, 
ArUhea cereus (2.36 mg. per 100 gr. wet weight); in Echinoderms, 
Stickopna regalia, (2.83 mg.), Aakriaa rubena, (2.46 mg.); in varioiis 
molluscs, and in sardines, herring and salmon. 

In the lamellibranchs that can accumulate copper in considerable 
amounts the metal occurs not as a protein compound but in a simpler 
form. It has been known for many years that in certain sections 
of the Atlantic coast, and around the British Isles, the oysters become 
green. The green pigment was associated with an increase in their 
copper content. It was thought that the pigment might be haemo- 
cyanin or at least similar to haemocyanin in chemical composition. 
Recent investigations by Galtsoff and Whipple'* have shown that the 
green pigment of oysters is not haemocyanin or copper proteinate of 
any kind. It passes through a collodion membrane which holds back 
Congo red and is not precipitated by sodium sulphate. Although its 
chemical nature remains imdetermined, it has been found that the 
pigment exists in a highly dissociated state and is of a small molecular 
size. 

The amoimt of copper accumulated by oysters is very variable. 
According to the determinations of Galtsoff and Whipple the copper 
content in normal oysters from Cape Cod varies from O.IG to 0.24 mg. 
per oyster or from 8.21 to 13.77 mg. per 100 grams of dry weight. The 
amount of copper concentrated in green oysters from Ijong Island 
Sound varied from 1.24 to 5.12 mg. per oyster or from 121.71 to 271.91 
mg. per 100 grams of dry weight. On the average there was about 2.5 
mg. of pure copper in every green oyster. Knowing the copper content 
of green oysters and the extent of oyster beds affected by greening, 
it is possible to estimate the amount of copper which oysters withdraw 
annually from the water. There are at least 10,000 acres of oyster 
bottoms in Long Island Soimd which produce green oysters. Assum- 
ing that oysters become green in one year, and that there are one 


>• Oaltsoff, P. S , and Whipple, D. V. Bull Bur Fiahenes, 46: 480-609. 1031. 
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thousand bushels to each acre of ground, and that three hundred 
oysters make up one bushel, we arrive at the conclusion that the 
oysters of Long Island Sound deposit in their bodies about 7.5 metric 
tons of pure copper annually. 

Space does not permit us to discuss the accumulation and possible 
rdle of strontium, found in the Radiolaria; barium, which was dis> 
covered as crystals of barium sulphate in the protoplasm of Xeno- 
phyvpkora; vanadium, discovered in the blood of Ascidians in which 
it apparently plays a rdle in the respiratory exchange of gases; and 
other elements (Zn, Mn, K, S, Fe, P, Al, etc.) which are accumulated 
by various forms. 

After the death of the organism the accumulated material is de- 
posited on the bottom and enters into new reactions resulting in the 
formation of various minerals foimd in the sedimentary rocks. Here 
the field of biology ends and we enter into realm of geology and 
mineralogy. Although the boundary line is iiulistinot, and the 
processes of accumulation of elements in living matter and their 
further rdle in the formation of minerals on the bottom of the sea are 
but the different phases of one cycle, we shall not trespass in this field, 
foreign to biologists, but return to the living organisms and consider 
how their lives may be affected by slight changes in the chemical 
composition of the sea water. This field of research scarcely has been 
touched by scientific investigations and our knowledge is therefore 
very limited. Interesting progress along this line was made, however, 
by recent work on oysters. 

These molluscs inhabit the inshore waters where the environment 
is subject to periodical changes caused by the tides. Due to the 
discharge of river waters the salinity of the inshore area fluctuates 
quite widely. Consequently, the organisms living in this environment 
must adapt themselves to considerable fluctuations in osmotic pressure 
and to changes in the chemical composition of the water concurrent 
with the different stages of tide. It has been found by Prytherch'* 
that the copper content of the water in Long Island Sound fluctuates 
between 0.1 part per million at high water and about 0.5 part per 
million at low tide. The increase in copper at low tide is due to the 
discharge of fresh water by the rivers. On the other hand, it has been 
observed in laboratory experiments that copper salts have a peculiar 
effect on oyster larvae, inducing their attachment to the substratum 
and initiating their metamorphosis. Under experimental conditions 

>• Prjrtheroh, H. F. Science, 78: 439-431. 1981. 
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the full grown larvae responded to copper treatment very readily and 
with great precision. By employing this method it was possible for 
the first time to obtain a complete photographic record of their 
behavior during setting and metamorphosis. T^t the peculiar effect 
was due to copper, but not to other elements which are brou gh t, in by 
rivers, was corroborated by numerous experiments with various salts 
of Fe, Pb, Zn, Mn, St, Ba, Al, Ni, Co, which gave no positive results. 
The anions are apparently not involved in this reaction because differ- 
ent copper salts (carbonates, sulphates and chlorides) had exactly the 
same effect. 

The results of the laboratory experiments were corroborated by 
field observation. Prytherch observed the intensity of setting of 
oyster larvae by counting at brief intervals the number of larvae 
attached to a plate that had been placed in the bay. The intensity of 
setting increases with the increase in copper content of the water, the 
latter reaching its maximum at low tide. The two curves run parallel 
and are undoubtedly significant. These observations explain the 
peculiarity in the distribution of the natural oyster beds which occur 
mainly in the mouths of rivers. Apparently the river water, having a 
higher copper content, supplies the necessary stimulus that initiates 
the ‘^setting” reaction of the full grown oyster larvae. The result is 
that the best setting areas are found on bottoms affected by fresh 
water. We are, however, ignorant as to the biochemical reaction 
involved in this phenomenon. It is extremely interesting that the 
organism reacts in a very distinct manner to slight fluctuations m the 
content of this metal, ranging only from 0.1 to 0.5 part per million. 
Greater concentrations of copper ions are distinctly injurious to the 
larvae causing the didntegration of their tissues and death. We are 
dealing here with an extremely well adjusted and sensitive mechanism 
which responds to slight changes in the environment. 

The fluctuation in the concentration of other elements due to tidal 
changes may also have a pronoimced effect on the activity of the 
organism. Hopkins, working in the Gulf of Mexico, has noticed 
considerable fluctuations in the potassium salts. Also in his work on 
the chemical sensitivity of the oyster*^ he found that the potassium ion 
has greater stimulating power in comparison with other metals. It is 
quite probable that fluctuations in the chemical composition of the 
environment may have a profound effect on all marine forms, and 
that they greatly influence their feeding, growth, and propagation. 

Hopkina A. E. Journ. Exp. Zool. 61: 13-39. 1932. 
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Further research along this line, which is now under way, will probably 
throw more light on the relation between the organism and its environ- 
ment. It is quite permissible to suppose that eventually the explana- 
tion of so-called lunar cycles in the behavior of various marine forms 
will be foimd in the periodical chemical changes which occur in the 
environment and in the organisms themselves. 

So far we have been dealing with the inorganic constituents of sea 
water. But sea water contains also various products ofmetabolism 
given off by the organisms. Although they occur only periodically 
and cannot be regarded as constituents of the sea water, yet some of 
them play an important r61e in propagation of marine forms by stimu- 
lating the shedding of their eggs and sperm. The chemical composi- 
tion of these substances is wholly unknown but one of their typical 
characteristics is the specificity of their action. The presence of these 
specific agents has been demonstrated by the experiments with 
JVereia (Lillie and Just**), sea urchins (Fox*»), and both edible and 
pearl oysters (Galstoff*"). The latter experiments have shown that 
the female oysters discharge a certain substance which has a specific 
effect on the males of the same species causing an immediate discharge 
of sperm. The substance is soluble in sea water and withstands 
boiling for ten minutes. The sperm discharged by the males contains 
an active principle which initiates in a female a complex reaction 
consisting of rhythmical contractions of the adductor muscle, con- 
traction of the mantle, and discharge of eggs. The specific agent of 
sperm suspension is insoluble in sea water and is very unstable, being 
destroyed by heating for fifteen minutes at 60°C. This active principle 
of the sperm is effective only under definite thermic conditions. In 
the Ostrea virginica, the reaction occurs only if the temperature of the 
water is above 20°C. The specificity of the reaction was established 
by experiments with various molluscs, Mytihis, Mya and with different 
species of oysters (0. cucidlata, virginica and aandwichenais). In case 
of 0. virginica and 0. cucuLlata, it has been found by the author that 
the males can be induced to spawn only by the eggs or egg water of 
the same species and fail to respKind to the addition of foreign eggs. 

It is interesting that in spite of this specificity, the reaction can be 
provoked also by an increase in temperature. The author’s latest 
experiments, carried out in 1931, show that ripe males and females of 
0. virginica can be induced to spawn by taking them from water of 
19°C. and keeping them at a temperature above 24.5°C. Below 

>• LUIie, F. R., and Juat, E. E. Biol. Bull. M: 147-160. 1013. 

>• Fox, M. Proc Cambr Phil. Soo Biol So 1: 71-74. 1034. 

•• Oaltooff, P. 8. Proc. Nat. Acad. So 16: 656-650. 1030. 
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24.5°G. the temperature alone is insufficient to induce spawning of 
the female, which, however, readily responds to the addition of sperm. 
From these observations an inference can be made that sperm plays 
the r61e of a “key” that unlocks a certain mechanism which in turn 
initiates in the female a chain of reactions and that the same results 
can be obtained also by a physical factor (increase in temperature). 
The reaction is, however, highly specific in the sense that imder certain 
temperature conditions (between 20 and 24.5°C.) it appears to be pro- 
voked only by the sperm of the same species. 

There is no doubt that the sexual reactions just described fall in 
the category of chemical stimulations, which play an important rdle 
in the life of marine organisms, especially of the sedentary forms like 
the oyster which pKissess no organs of vision, but have a well developed 
chemical sense, and are able to detect slight concentrations of various 
substances. 

The few examples discussed in the present paper show very clearly 
that many problems of oceanic biology can be studied from a biochemi- 
cal point of view. We may look upon an organism in the sea as part 
of a complex chemical cycle in which a given form is only one of the 
links in a long chain of cyclic reactions; or we may study it with the 
purpose of understanding the factors controlling its propagation, 
development, functioning of its body and peculiarities of its behavior. 
In all cases we are dealing with biochemical problems which can be 
attacked by an experimental method. We know that marine forms 
play a definite rdle in the chemical cycles of various elements occur- 
ring in sea water, and that on the other hand they are very delicately 
adjusted to their particular habitats. It is our hope that an under- 
standing of their work and of the mechanism of their adjustment can 
be reached through biochemical and physiological studies which open 
up new fields of research and should lead to the solution of problems 
which the descriptive methods, so generally used in oceanography, 
were unable to solve. 

ZOOLOGY. — On a new Cyprinoid from South Dakota.^ Samuel F. 

Hildebrand, U. S. Bureau of Fisheries. (Communicated by 

Waldo L. Schmitt.) 

An apparently undescribed species of the genus Hybognathua occurs 
amo ng a lot of cyprinoids submitted for identification by Dr. E. P. 
Churchill of the University of South Dakota. The writer takes pleas- 

* Publiahsd by permisaion of the U. S. Commlaaioner of Flsheriea. Received Merob 
a», 1982. 
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Fig. 1. Hybognathui churektlli. Total length, 71 mm. Drawn from the type by 
Looella E. Cable of the U. S. Bureau of Fiaheriea. 
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lire in naming this fish for Doctor Churchill who collected the speci< 
mens and who has made an extensive study of the fishes of ^uth 
Dakota. 


Hybognathua churchllll sp. nov. 

Type No. 92248 U. 8. National Museum; length 71 mm.; Cheyenne River, 
S. D. 

Description of the type . — Body very elongate and slender, not strongly 
oompresm, about thr^fourths as broad as deep at origin of dorsal, ^e 
greatest depth contained in length to base of caudal 5.2 times; the peduncle 
compressed, its depth 2.3 in head; head low and rather broad, 4.1 in length 
of body to base of caudal, its depth at middle of eyes 2.3 in its length to bony 
margin of opercle; interorbital moderately convex, 3.6 in head; eye small, 
6.6 in head; snout moderately conical, projecting about half an eye’s diameter 
beyond the mouth, its leng& 3.7 in head; mouth slightly oblique, the gape 
reaching almost opposite posterior nostril; scales sm^l and thin, especially 
reduced in advance of dorsal, 41 oblique rows runnmg upward and backward 
between upper anterior angle of gUl opening and base of caudal, 6 complete 
rows between orif^ of dorsal and lateral line, 4 between orlgm of anal and 
lateral line, 20 obUque rows crossing the back in advance of dorsal; dorsal with 
8 branched rays the longest rays a little shorter than head, none of them pro- 
duced, the fin having no high lobe anteriorly, its origin slightly nearer tip 
of snout than base of caudal; the caudal deeply forked, the lobes pointed 
and of nearly eoual length; anal with 8 branched rays, a little lower than dor- 
sal, its origin below tips of the longrat rays of the dorsal when deflexed; ven- 
tral fins smaller than the pectorals, insert!^ slightly behind the vertical from 
origin of dorsal; pectoral fins failing to reach base of ventrals by a distance 
equal to length of snout, 1.3 m he^. 

Color after preservation in formalin slightly brownish above, with dusky 
punctulations, paler below and without punctulations (the sides no doubt are 
rilvery in life, although this no longer is evident) ; a du^y vertebral streak in 
advance of dorsal; a slight indication of a dusky lateral band; the fins un- 
marked. (Fig. 1.) 

VaritUiona . — ^The variations within the species, as far as shown by 10 
paratypes, are not pronounced. The following proportions and counts give 
the range within the specunens at hand: Head 3.9 to 4.26; depth 4.9 to 5.6 
in standard length; eye 6.0 to 6.76; snout 3.1 to 4.0; interorbital 2 7 to 3.6; 
depth of head at middle of eye 2.0 to 2.4; caudal peduncle 2.2 to 2.7 in head. 
D. 8; A. 7 or 8; scales 18 to 21 before dorsal, sometunes crowded, irregular and 
difficult to enumerate, 40 to 44 in lateral series, 6 complete rows above the 
lateral line and 4 below it, counted respectively at origin of dorsal and of 
anal. Pharyngeal teeth in 3 speclmons examined 0,4-4,0, compressed and 
slightly hooked at tips. Peritoneum jet black, intestine long and coiled. 
Origin of dorsal usually equidistant from tip of snout and base of caudal, 
oooasionaUy slightly nearer the snout; the anterior rays of the dorsal some- 
times somewhat pr^uced, seldom sufficiently to make the fin falcate; ventral 
fina inserted under or slightly behind vertical from origin of dorsal. 

Rdationakip . — ^The present species apparently is more slender than others 



20p JOUBNAL or TBB WABHOraTOlT ACAMKT OT leiairOM TOb. US, Hixfi 

of tto genuB, and the aoalea are email, being eqieoiallj* reduced in adranee of 
donal Comparing the present epeoiee with H. nuckalit, the othw oommon 
local species, it Is evident that the body is more slender (the range in d^th 
in 7 specimens of nuchalis being 4.36 to 4.9) ; the eye is smaller, a difference 
which is most evident when specimens of the same siie are compared, for 
example, in 3 specimens of chur^iUi all about 80 mm. long the eye is contained 
in the head respectively 5.6, 5.6 and 5.28 times, whereas in nuchalu in 3 Bp>eci- 
mens of about the same length the eye is contained in the head respectively 
4.4, 3.85 and 4.3 times. The scales, especially in advance of the dorsal are 
larger, the range in 7 specimens of nuchalia being 14 to 16 in advance of 
dorsal, 36 to 38 m a lateral series, and 6 above the lateral line and 4 below it, 
counted respectively at the origin of the dorsal and origin of anal. The 
snout projects a little more strongly beyond the mouth in churehilli and the 
anterior rays of the dorsal are rather shorter, not forming a definite lobe. 

The specimens of the present species were compared with 7 type specimens 
of H. arnyritis, recorded from the upper Missouri basin, and originally de- 
scribed from the Milk River. The present species differs from that species 
also in the more slender body and smaller scales. In argyriita the snout 
projects beyond the mouth even more strongly than in H. ehurchilH. 

Specimens of Hybognathue chitrchiUi studied. — a. Seven specimens (in- 
cluding the type), ranging m length from 62 to 105 mm., from the Cheyenne 
River, near the mouth of Cherry Creek, taken July 16, 1928. b. Three 
specimens, ranging in length from 63 to 66 mm., from the White River near 
the town of White River, taken June 18, 1928. o. One specimen, 78 mm- 
long, from Bad River near Midland, taken July 16, 1928. The specimens 
were all collected by Or. E. P. Churchill, who informs the writer that the 
Cheyenne and White Rivers are shallow, swift alkaline streams with little 
vegetation, whereas the Bad River is not alkaline, is sluggish and supports 
considerable vegetation. Hyhognaihua nuchalta also was taken in these rivers. 
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GEOPHYSICS . — The solution and colloidal dispersion of minerals in 
ipoter.^ P. G. Ntjttinq, U. S. Geological Survey. 

During ordinary weathering, parts of decomposed rocks go into 
solution and into suspension in water solutions that are usually either 
very dilute and abundant or else nearly saturated and scanty. Little 
is Imown of the details of what goes on but there are indications that 
the same parent rock may yield a number of different types of clays 
and soils under different conditions and degrees of weathering and it 
seemed worth while to attack the problem in the laboratory. The 
clay material of a decomposed granite has been converted into a 
bleaching clay and a commercial bleaching clay into a plastic ball clay 
by water treatment alone. The experiments leading to these results 
and some of the theory will be briefly summarised in this paper. 

Since a clay suspension in water is most stable at the isoelectric 
point, it follows that the isoelectric condition is most favorable for 
particles leaving the parent solid and going into suspension. The 
amphoteric oxides (of Fe, A1 and Si), of which most detrital rocks are 
chiefly composed, will therefore disperse most readily in pure water 
or in water carrying thrae same materials in solution In Ure absence 
of chemical reaction, solution ordinarily occurs most readily in pure 
water and is only slightly affected by materials other than alkalies in 
suspension or solution. Although suspensions and solutions of the 
name material shade into each other as molecular dimensions are 
approached, neither appear to have any influence on the concentration 
(rf the other aside from the very slight one indicated by kinetic theory. 

A clay put in 4 to 10 times its weight of distilled water in a pyrex 
glass and kept at SO^C. will reach half saturation in about one or two 
hoon, at room temperature in about 24 hours. The usual program 

> PoUkhed by pMmlBitoa of the Director, U. S Oeologioal Survey. ReceiTed 
April 8, 1M2. 
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was to heat on a ateam bath (75-80°C.} for 20 hours, then filter through 
the clay itself. Room temperature saturation is usually about 2/3 the 
concentration reached at 80°C. The clear filtrate, showing no scat* 
tered light in a strong beam, may be concentrated to about a hundredth 
of its volume before precipitation begins. A hot clear filtrate may be 
cooled without any precipitation. But if a solution is boiled down in 
contact with the clay, its concentration is not increased on evaporation, 
indicating that the solution is saturated. Solutions of clays and rocks 
therefore are saturated at low coni^ntration but these saturated solu- 
tions are capable of high supersaturation if evaporation takes place 
away from contact with the dissolved material. 

The chief materials studied were decomposed granites from the 
District of Columbia, diabase from Virginia, two commercial bleaching 
clays, weathered dunite from Webster, N. C., two bentonites and a 
numl^r of silica gels used as comparison standards. The objective 
was to find the effect of long continued treatment with pure water. 


Concentration 
Dialysis, 2 wks 60 cm ' 
Solubility, HiO, lOO'C 
Salt residue 


— Phopbetibs of Stable Silica Sols. 

PtrU par mink 
2000 6000 


16000 

16 

300 

100 


and incidentally to find limits of concentration, the nature of the 
material dissolved and in suspension, surface activation and the relsr 
tion, if any, between dissolved and suspended matter. 

A freshly made silica gel, stabilized and washed free from salt, goes 
over into a sol on stan^ng two or three weeks. This sol gradually 
settles into three stable layers containing approximately 2, 6, and 16 
grams per liter of silica in solution and suspension, any excess silica 
settling out as a floe. Samples removed with a pipette gave the data 
(taken in 1926) given in Table 1. Weight of solids was taken after 
heating to about 200°C. Dialysis was through a 60 cm.* collodion 
membrane for two weeks. The solubilities are of the ignited (800“C.) 
residues and showed no decrease on repetition of the test. Decided 
differences between the three stable sols are indicated. Impurities 
(salts, etc.) were less than 2 parts per million. The presence of acids 
or of acid or neutral salts in the water appears to have but little effect 
on the solubility but the presence of alktdies or of strongly basic salts 
has a large effect. The addition of sodium chloride precipitated all 
but 100 parts per million of silica in each experiment. 
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An interesting relation was found between the amount of solids left 
in suspension and the salt (NaCl) concentration, namely 

C -C^ 



in which C is the silica and « the salt concentration in grams per liter, 
and the constant k is 0.30. The maximum concentration of silica, 
Cfl, is either 2, 6, or 16 grams per liter according to the sol used, while 
the minimum concentration obtained with excess salt is 0.10 gram 
p>er liter for all these sols. Half the maximum concentration of silica 
is given by the addition of 2.50, 2.37, and 2.33 grams per liter of salt 
to the three sols. 

Silica gel, granulated, gave a solubility at 75° of about 300 parts per 
million, at room temperature about 180 parts per million. Three 
samples were of my own preparation, one was commercial (Patrick). 
In concentrating the solutions (50 cc. in a platinum dish), precipita- 
tion began only at concentrations in the neighborhood of 16 grams per 
liter, which appears to be the upper limit of supersaturation. The 
stable suspension of this concentration mentioned above began to 
precipitate at once on boiling down. 

Decomposed granite from the District of Columbia, high in iron 
but containing free quartz grains, was dried and put through a 150 
mesh (0.10 mm.) sieve. This showed an initial saturation of 73 
parts per million and a decrease to 50 parts per million in the fourth 
wash and 35 parts per million in the eighth. Some of the clay from 
the fourth wash was kept at 75°C. for two weeks when it gave 54 
parts per million. Several solutions of this granite were concentrated 
in Pyrex vessels, then filtered through paper (S & S, 589, blue ribbon). 
One gave 4500 parts per million after filtering. Others boiled down in 
the flask with the clay to a tenth the original volume show’cd no increase 
in concentration. The solubility of this clay appears to steadily 
decrease. After 9 washes a small sample (15 grams in 1500 cc.) was 
put in a large excess of water in an attempt to reach an end point. 
After 3 weeks in 3 changes of water, (equivalent to more than 50 
ordinary washes) the solubility reached was 32 parts per million, but 
6 days were required to reach saturation. On the other hand the 
Virginia diabase clay showed a constant solubility of 47 parts per million 
from the start through 6 washes, appearing to have already reached 
equilibrium by natural leaching. 

A 3rellow decomposition product derived from dunite, that had been 
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partly altered to serpentine, from Webster, N. C., dropped in solubility 
from 326 parts per million in the first wash to 50 parts per million in 
the fifth and thereafter decreased only slightly. This same material 
was given an acid treatment to remove bases (chiefly iron and mag- 
nesium) leaving a white nearly pure silica which had the solubility of 
silica gel, 290 parts per million. 

A bleaching clay from near Death Valley also high in magnesium 
showed an abrupt drop from an initial solubility of 250 to less than 
100 parts per million, decreasing to about 90 parts per million in the 
fifth wash. The well known “Floridin” bleaching clay shows a more 
gradual decrease between about the same limits. Both these bleaching 
clays, on continued washing with pure water, became highly plastic 
like ball clays and lost most of their bleaching power. A yellow de- 
composed granite from the District of Columbia, the Virginia diabase 
and the North Carolina dunite all were converted into bleaching clays 
better than the average commercial grade by the water leaching alone. 
Doubtless it would be possible to leach them further to ball clays. 
In fact the excessively leached granite mentioned above appears to be 
approaching this stage. 

All of this evidence supports a view expressed in previous papers, 
that bleaching clays are partly leached decomposed igneous rocks, 
part way on the path toward inactive clays. The partial leaching 
results in open bonds on actively adsorbing surfaces where complete 
leaching would result in the exchange of all exchangeable bases for H 
and OH and lead eventually in some clays to recrystallxzation as 
kaolin. 

All the materials studied settled clear after the first wash but all 
the natural minerals worked with tend to remain indefinitely in sus- 
pension after several washes. Previous natural leaching has been such 
as to leave some soluble material (organic acids, salts, or organic sili- 
cates) which prevented an approach to the isoelectric point, hence 
the rapid clear settling in the first wash. 

Many of the residues from the various clay solutions were analyzed 
by C. S. Howard and showed nearly pure SiO, in every one after the 
first few washes. Silica gel and acid treated clays of course give SiO* 
alone. Even the granite and dunite solutions gave negative tests for 
iron and aluminum, both of which come off readily in acid. However, 
when water removes silica from ferric- and alumino-silicates, it does 
not leave iron and alumina in suspension as might be expected. Fur- 
ther, the open bonded surfaces which are the seat of the selective 
adsorbing (bleaching) power may be on any one of three oxides Fe*Oi, 
AltOi, or SiOj (or even MgO) or on combinations of these. Open 



lUT 19, 1932 NUTTINO: dispersion of minerals in water 


266 


bonded pure SiOi surfaces, as in silica gel or acid treated clays, are 
excellent adsorbents for solvent vapors but only fair bleaching agents 
for hydrocarbon oils. The best bleach known is a compound silicate, 
naturally weathered. 

Most residues of clay solutions show organic matter which persists 
through extended leaching but is removable between ISO^C. and 800°C. 
on ignition. An organic silicate is indicated by its behavior but 
further work will be required to identify it. The solution from a 
silica gel, removed with a pipette, does not show it, while the same 
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Figure 1 — Solubility of clays 

solution put through filter paper does. The odor suggests furfural 
which is plausible since this is readily formed from cellulose and from 
pentosans by simple dehydration. 

Active silica is known to attack loosely held organic radicals and 
this suggests a new (third) theory for the origin of petroleum, namely, 
that active silica and silicates laid down and intermingled with decay- 
ing vegetation form soluble organic silicates which are later transported 
and decomposed, setting free hydrocarbons. Experiments are under 
way to reproduce this cycle in the laboratory. Much indirect evidence 
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has already been accumulated and the theory appears simple and 
plausible from a chemical standpoint. Some silicified woods fuse to 
a viscous glassy paste below 800°C. when ignited. Silica gel is not 
even softened at that temperature. 

Amorphous silica, even when freshly deposited from solution with- 
out heating, may have a very low solubility approaching that of 
quartz. Oat hulls contain 7 per cent silica in a beautiful very fine 
grill near the surface but this silica is nearly insoluble even in hot water, 
although it must have been brought up from the soil in cold solution. 
Of two samples of silica sinter deposited by two Yellowstone geysers 
(supplied by Dr. E. T. Allen), one showed only the solubility of quartz, 
the other that of silica gel (180 parts per million). Both were white, 
very porous, and each had a refractive mdex below 1.45, and neither 
was birefringent. In other experiments on the silicification of wood, 
the deposited silica has a low solubility as though retained by the 
lignin. 

The solubility of the silica of clays and of many other minerals is a 
minimum in pure water and is increased by even traces of acid or 
alkali in the water. A yellow clay, rich in iron, that had reached a 
solubility of 35 parts per million was treated with water containing 
1:500 HCl. The solution showed 102 parts per million of silica which 
had apparently been released by removal of some of the bases (pre- 
viously associated with silica) over the grain surfaces. Silica thus 
releas^ has a solubility approaching that of silica gel. Slight alka- 
linity of solvent water likewise gives enhanced solubility of silica, even 
of that firmly associated with bases. 

As a test of reversibility, clay having a fixed solubility of 35 parts per 
million was put in a saturated solution (300 parts per million) of silica 
and kept at 80°C. for 24 hours. The clay actually removed more than 
half the silica in solution, presumably as an adsorbed layer on the clay 
particles. 

Summary. — Saturated solutions of many ordinary clays and decom- 
posed rocks in pure water after repeated washing range in concentration 
from 30 to 100 parts per million. 

Saturation at SO^C. is roughly a half greater than at 25°C. in 
concentration. 

Saturation is approached in 10 hours at SO^C. and in 400 hours at 
25'’C. Bound and slowly circulating w’ater in clays is commonly 
nearly saturated. 

True rock solutions free from particles in suspension may be con- 
centrated to several thousand parts per million without precipitation. 

Mechanical disintegration into suspensions is favored near the 
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isoelectric point, a condition approached only after several washings 
of a raw clay or decomposed rock in pure water. 

Organic matter is commonly associated with silica as soluble sili- 
cates which may be transprarted and decomposed elsewhere into silica 
and hydrocarbons. 

Many decomposed igneous rocks may be converted into bleaching 
clays by the action of water alone but the high quality of the best 
bleaching clays depends to some extent on the composition of the 
original rock. 

Many bleaching clays may be converted into plastic ball clays by 
the action of water alone. 

GEOLOGY . — Oeothermal gradierU at Orass Valley, Cahfomial W. 
D. Johnston, Jr., U. S. Geological Survey. (Communicated 
by W. H. Bradley.) 

During the field seasons 1930 and 1931 the writer was engaged in 
studying the underground geology of the gold quartz mines at Grass 
Valley, California,’ where the mine workings have attained a maximum 
vertical depth of 3,700 feet beneath the surface. 

In the course of underground mapping at the Empire-Star Mine, 
temperature measurements were taken on twenty-one different levels. 
These temperature observations were made in air or in standing water, 
usually on the drift face, and always outside the path of air circulation. 
From three to six observ'ations were made on each level, and the tem- 
perature given in the following table is an average for the level. The 
value for the North Star 9,000 level is a rock temperatuie, obtained by 
averaging the readings of three maximum thermometers, which had 
remained for twenty-four hours in a bore hole 4 feet deep near an 
advancing face. 

The temperature data were adjusted by a method adopted several 
years ago by C. E. Van Orstrand which consists in adjusting a senes 
of straight lines from the shallowest depth at which a temperature test 
is made to a number of gradually increasing depths as shown in the 
last column of Table 1. 

The equation to be adjusted each time is 
y a + bx 

• Published by permission of the Director, U 8 Geol Survey Received March 28, 
1932 

’lindgren, Waldemar The i/old ijmrU veiwi of Nevada City and Grate Valley dxs- 
Irieti, California U 8 Geol Survey, Annual Report 17: Part 2, 1-263 1806 
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TABLE 1. — Tiupibatuu Oradibmt at tbb Empibb-Star Minb, Grabs Vallbt, 
NbTADA Ck>DNTT, Caupormia* 


Location of tamp 
obwrvatlon 

Dapth<> 


S-SSOFt 

0^8400 Ft 








1 

1 

1 

f 

Conitanta' 

Hina 

1 

1 

a 

1 


1 

1 


1 



Empire 

1100 

0 0 

0 

12 4 

54 4 

64 2 

+0 2 

64 6 

-0 2 

O-SSOft 

Pennsylvania 

1000 

46 7 

160 

12 9 

66 3 

66 1 

+0 2 

66 4 

-0 1 

a •> 64 17 

New York Hill 

600 

94 6 

310 

13 1 

66 6 

66 0 

-0 4 

66 3 

-0 7 


North Star 

1000 

114 3 

376 

13 6 

66 4 

66 3 

+0 1 

56 6 

-0 2 


Pennsylvania 

1400 

128 0 

420 

13 5 

66 3 

66 7 

-0 4 

56 8 

-0 6 

r. ±0 11 

Pennsylvania 

1700 

192 0 

630 

14 3 

67 7 

67 91 

-0 2 

67 9 

-0 2 

rt - ±0 00017 

Empire 

2700 

207 3 

680 

14 7 

68 5 

'68 2 

+0 3 

68 2 

+0 3 

0 2100 ft 

Pennsylvania 

2100 

266 0 

840 

16 1 

60 1 

69 ll 

0 0 

69 1 

0 0 

a - 64 32 

Empire 

3000 

267 6 

846 

16 3 

69 6 

60 2 

+0 3 

69 1 

+0 4 

b » 0 00660 

Pennsylvania 

2400 

292 6 

960 

15 5 

69 9 

59 9 

0 0 

69 7 

+0 2 

1/6 - 176 8 

Empire 

3400 

298 7 

980 

16 6 

59 9 

60 oi 

-0 1 

59 8 

+0 1 

r « ±0 21 

Empire 

3800 

377 0 

1240 

16 6 

61 8 

61 6 

+0 3 

61 2 

+0 6 

t \ - ±0 00009 

Empire 

4200 

432 8 

1420 

17 2 

62 9 

62 8 

+0 3 

62 1 

+0 8 


Empire 

4600 

406 8 

1630 

17 4 

63 3 

03 8 

-0 6 

63 2 

+0 1 

0-2120 ft 

Empire 

6000 

669 3 

1836 

17 9 

64 3 

66 1 

-0 8 

64 3 

0 0 

a — 64 56 
b m 0 00537 

Empire 

6400 

640 1 

2100 

19 0 

66 2 

66 0 

-0 4 

66 7 

+0 6 

1/b - 186 1 

Empire 

6800 

719 3 

2360 

19 6 

67 1 

08 2 

-1 1 

67 1 

0 0 

r - ±0 25 

Empire 

6200 

796 5 

2610 

20 2 

68 3 

69 7 

-1 4 

68 4 

-0 1 

r. - ±0 10 

Empire 

7000 

951 0 

3120 

21 6 

70 8 

72 7 

-1 9 

71 1 

-0 3 

rt = ±0 00007 

North Star 

8700 

1005 8 

3300 

22,0 

71 6 

73 7 

-2 1 

72 0 

-0 4 

0-3400 ft 

North Star 

0000 

1036 3 

3400 

22 4 

72 3 

74 3 

-2 0 

72 6 

-0 2 

a - M"63 











b - 0 00627 











1/6 - 189 8 











r = ±0 26 











r. > ±0 09 











rt > diO 00006 


* Obnrvatloni iiiad« In 1S30 31 Mont of the obavrvatiuna were mule in ur or itandinB water nulwde of the 
path of air oreulatinn 

‘ Depth below Bhnpire 1100 level, altitude 2300 ft . whioh ii taken aa the temiwrature datum Tbie ii about 
300 ft below thehurfaee of the around 

* Conitanla have been detemiined by thomethoduf leaetaquaree from the equabony -a + bi 


in which 

y = temperature at depth x. 

a “= computed annual mean temperature just beneath the 
surface of the earth. 

b - gradient in degrees Fahrenheit per foot. 

1/6 = reciprocal gradient in feet per degree Fahrenheit, 
r - probable error of observation y, weight unity. 

>’aj rt = probable error of a and 6. 

All of the computations in this paper were carried out by Mr. H. 
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Cecil Spicer, Assistant in the Physical Liaboratory of the Geological 
Survey. 

The depth-temperature curve (see Fig. 1) is slightly concave toward 
the depth axis. This is clearly shown in the following values of the 
reciprocal gradients taken from Table 1. 

From 300 to 1280 feet, 1°F. for every 168.6 feet. 

From 300 to 2400 feet, 1“F. for every 175.8 feet. 

From 300 to 3420 feet, 1“F. for every 186.1 feet. 

From 300 to 3700 feet, 1“F. for every 189.8 feet. 

As the rock temperature on the 9000 level of the North Star mine is 
only 72.3°F., underground temperature offers no hindrance to mining 
operations. 


TADIJil 2— Teupebatukk op deep mines 



In Figure 1 the observed surface mean annual temperature at Grass 
Valley and Nevada City are shown, llie mean annual temperature 
for Nevada City,* six miles north of the mine, obtained over a period 
of 39 years, is 52.6°, agreeing with the calculated subsurface tempera- 
ture within 1°. The mean annual temperature near the mine at 
Grass Valley,’ however, taken over a period of only 22 years is 60.3° or 
7° higher than the calculated subsurface temperature. 

The thermal gradient at Grass Valley, as shown in Table 2, is in 


' U. 8. Westhar Bureau. Climatological Data, 17; No. 13, SS-W. 1930. 
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close agreement with the thermal gradient on the Mother Lode.* It 
slightly exceeds the gradient in the Rand, S. Africa, and in much less 
than the gradient in the Michigan copper mines and in the St. John 
del Rey mine, Brazil. 

* Knopf, Adolph Molher lode eysiem of Caltfomta U S Geol. Survey Prof 
Paper 107: 22-23. 1929. Knopf gives a gradient of 1°F for 160 feet His data have 
been reoaloulated by the method of least squares by H C Spicer, uho obtained a recip- 
rocal gradient of 192 3 feet per degree Fahrenheit from observations lietween the deptlis 
of 1676 and 4200 feet Knopf’s values for the Central Eureka and the Kenneily mines 
apparently are based on an assumed value of the mean annual temperature y of the air 

ZOOLOGY. — A new trematode, Acanthatrium eptcsici, from the brown 
bal.^ Joseph E. Aucata, Bureau of Animal Industry. (Com- 
municated by Benjamin Schwartz.) 

Three flukes representing a new species of trematode belonging to 
the family Lecithodendridae Odhner, 1910, and to the genus Acanlha- 
tnum Faust, 1919, were collected by the writer in November, 1931, 
from the intestine of the brown bat, Eptesncus fuacus, captured in 
Washington, D. C. The new species is described in this papjcr. 

Acanthatrium epteslci, new species 
Figs. 1 and 2. 

Specific dtagnoma — Acanlhatnum. Body rounded, flatlencil dorao- 
ventrally, from 702p to 1.2 mm long by 468 to 764p wide in middle of body. 
Cuticular spines absent. Oral sucker subterminal, 98 to 114p long by 98 to 
114p wide; acetabulum 72 to 08p long by 80 to 98/i wide Prepharynx absent; 
pharynx 38 to 45|i long by 49 to S3n wide; esophagus 34 to 76p long. In- 
testinal oeca short, simple, extending to anterior margins of testes Excretory 
bladder V-shaped Testes ovoid to pyriform, located on same zone ns 
acetabulum, and transverse m position; nght testis 121 to 281p long by 129 to 
205p wide; left testis 121 to 258a long by 91 to lOTp wide. Seminal vcsiclo 
long and coiled; prostate cells numerous, forming a mass 121 to 327m long by 
186 to 358 m wide. The entire mass is enclosed in a delicate sac-Iikc mem- 
brane. Genital pore somewhat antenor to actetabulum and antenor to zone 
of testes. Genital atnum slightly antenor to genii. al pore, and lined with 
one group of long, narrow spines Ovary ovoid, regular or lobed, the largest 
axis transverse, oblique or longitudinal in position Vitellana composed of 
large follicles which may extend from about level of pharynx to anterior 
margins of testes. Uterus long and arranged for the most part transversely, 
occupying posterior half of body length and terminating m a moderately 
developea metraterm. Eggs oval, 20 to 30m long by 15 m wide, with yellowish 
brown, thin shell. 

Host. — Eptestcua fuscua. 

Locofion.— Small intestine. 

Diatnbulion . — United States (Washington, D. C ). 

Type specimen — U. S. N. M. Helm Coll. No 30135, paratypes No. 30136 
Acanthatrium eptesici differs from the other two species of the genus, 
namely A. aphaerula (Loose, 1896) Faust, 1919, and A. nyctendta Faust, '1919, 


> Received March 10, 1932. 
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Fig 1 . — Acanthatnum epteaici, Almttk. Ventral view. 


as follows: The genital atrium in A. aphaerula has spines distributed over its 
entire wall and the genital pore opens at the right side of the prostate gland 
mass, whereas in A. epteaici the spines are limited to a semicircular area of 
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the anterior wall of the genital sinua, and the genital pore opens m the median 
line at the anterior end of the prostate gland mass The ovary in A .aphaeruia 
is triangular and deeply lobed, and extends antenor to the right testis and 
prostate gland mass. In A . epleaict the ovary 
is more or less ovoid in outline, entire or 
slightly lobed, extending along the postenor 
portion of right testis and posterior to the 
prostate gland mass. The acetabulum in 
A. aphaerula is posterior to the aone of the 
testes and prostate gland mass, while in A. 
eptesici the acetabulum is on the same zone 
with the testes and prostate gland mass. 

A. nyctertdia differs from A. eptesici in 
having the spines of the gemtal atrium ai^ 
ranged in three separate groups, as illus- ' 

trated by Faust (1919) Two specimens Vin 2 -Acanlhatnum epUaici, 
colloctcd by the writer from the brown bat fihowinK arrangement of Rpmesm 
and identified as A . nyderidis show this char- the gemtal atrium Ventral view 
acteristic arrangement of spines (Fig 3) In 





JZS/i 


Fig 3 — AcantAolrium 
atrium. Ventral view 


ilfciendia, ahoning arrangement of spines 


the genital 
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this q)eoies the spines vary from 15 to 22 m hi length by 7 to ll/i wide at the 
base. A. ejOeatet has long narrow spines, 11 to 22 m long and about 2 to 4 m 
wide at the base and arranged in a single group (Fig. 2). The acetabulum in 
il. nj/ciendts is post-testicular, while in A. eptemn it is located in the testicular 
sone. 

Bhalerao (1026) collected some trematodes from a bat which he believed 
to be morphologically identical with A. nydendia. However, sinoe the 
uterine coils were arranged transversely and measurements of the body and 
suckers were somewhat larger than those reported by Faust (1010), he 
proposed a now variety, A. nyctendta pltcati. Sinoe measurements are the 
main differences and the arrangement of spines on the genital atrium are 
presumably like A nyctendia, differentiation of this variety from A. aptetici 
is the same as for .d. nyctendta. 

THE GENUS ACAlfTHATRlVU 

Faust (1010), characterized the genus AcanthcUrium as having the testes 
pre-aoetabular in the same zone as the gemtal pore, and the vitellana anterior 
to the intestinal coca. These characters may hold true for A. aphaerula and 
A. nyctendta, but do not hold true in all cases for A. epteaict, which has the 
testes in the acetabular zone; moreover, the vitellana of the latter species 
may or may not extend posterior to the intestinal cieca It is, therefore, 
essential that the diagnostic features of the genus Aeanihalnum be modified 
as follows; LecUhodendntnae] small flukes, sphencal to p}rnform in shape, 
with a genital atrium hned with spines; prostate cells numerous; testes in 
acetabular or pie-acetabular zones, viteUana antenor or posterior to intestinal 
ceca; excretory system, according to Faust (1919), with four groups of flame 
cells fur each half of the body, each group containing three flame cells Para- 
sites of the intestine of bats. Type species: A. nyctendta Faust, 1919. 

LITERATUHE CITED 

Bhalerao, G D 

1926— The ttUealinal paraetlcs of the bat, Nyctinoinus plicatus, mth a hat of the 
tremalodea htlherlo recorded from Burma J Burma Research Soc , Rangoon, 
18: pt 3, Feb , 181-106, pi 2, figd 1-6 
Faust, E C 

1919 — A new Iremalodr, Acanthatrium nycteridis, rtov gen , nov epee , from the 
little brown bat Tr Am Micr Soc , Menuaha, Wis , 30: (3), July, 200-216, 
fig 1, pl.20 
Loose, A. 

1800 —Recherchea aur le faune parantaire de I’Bgyple. M6m. dc I’lnstitut 6gypt., 
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ZOOLOGY. — A new aquirrel from Honduras.^ E. A. Goldman, Bio- 
logical Survey. 

The veteran collector of specimens and student of the natural history 
of Costa Rica, Mr. C. F. Underwood, has recently transferred his 
activities to the interior of Honduras. Among the mammals obtained 


> Reoeived April 12, 1032. 
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is a squirrel which appears to have remained undescribed until the 
present time. 


Sdurus boothlae underwoodl subsp. nov 
Underwood’s Squirrel 

Type. — From Monte Redondo, about 30 miles northwest of Tegucigalpa, 
Honduras (altitude 5,100 feet) No. 250219, o' adult, U. S National 
Museum (Biological Survey collection), collected by C F. Underwood, 
December 8, 1931. Original number 614 

Distribution. — Known only from the type locality in the mountains of 
central Honduras. 

Oeneral characteTS. — Approaching Saurus boolhtae boothiae of northern 
Honduras, but upper parts much paler, the general color grayer, less blackish, 
and lacking the rufescent suffusion present m boothtue. Contrasting strongly 
with S b. annalium from “Honduras” m white under parts, sharply defined 
laterally, instead of gray, passing gradually mto color of sides Somewhat 
similar to S. vanegatoides tninegatoidea of Salvador above, but under parts 
white instead of tawny General coloration suggesting that of 8. goldmani 
of Chiapas, Mexico, but markedly distinctive m detail, as follows: Post- 
auricular spots buffy instead of white, feet dark ochraccous buffy or black 
instead of gray; dark ochraccous buff lateral line normally present (absent in 
goldmani) ; tail more extensively white 

Color — Type: Upper parts in general light buff, moderately overlaid with 
black; outer sides of hmbs and feet ochraccous buff mixed with block; under 
parts, including inner sides of forearms and thighs nearly pure white, a broad 
ochraccous buff lateral line sharply separating abdominal area from general 
tone of upper parts; cars narrowly edged with black, the tufts scanty and 
indistinctly tawny; post-auncular spots extending up over median posterior 
basal part of ears, ochraccous buff; feet edged along inner sides with ochra- 
ceous buff; tail above conspicuously overbid with silvery white, the long 
white tips of hairs partially oonceahng a subtermmal black zone, below 
annubted, the hairs ochraccous buff at base, interrupted by a narrow bbek 
band, followed by another ochraccous buff band and a subterminal bbek zone, 
the white tips fomung a distinct marmn. In one specimen the feet are black 
and there is no ochraoeous buff bteralline separating white of abdomen from 
general color of aides. 

SkuU. — About hke those of S b. boolhtae and 8 v. vanegatoides, but broader 
between orbits. 

Measurements. — Type: Head and body, 241 mm , tail vertebrae, 272; 
hind foot, 60. Average of four adult topotypes: 240 (225-250); 285 (275- 
300); 62 (60-66). SkuU (type): Greatest len^b, 59 8; condylobasal length, 
55.7; zygomatic breadth, 34.2, interorbitul breadth, 21.3; length of nasab, 
19.4; maxiUary toothrow, 11.7. 

Remarks. — Sciurus boothiae underwoodl is a well-marked fonn, but it 
approaches typical boothiae so closely in the more essential characters that 
assignment to subspecific status seems fully warranted Points of agreement 
of boothiae with squirrels currently recognized as 8 . vanegatoides, 8 . mana- 
guensis, 8 . goldmani, S. a^lphei, and 8 . yucatanensis strongly suggest that 
all are representatives of a single very variable and widely ranging species. 
Additional specimens are needed, however, from many regions to fill gaps in 
known ranges and estabUsh more exact relationships. 

Specimens examined. — Six, from the type locality. 
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PROCEEDINGS OF THE ACADEMY AND AFFILIATED 
SOCIETIES 

THE ACADEMY 
246th MEBTIMa 

The 246th meeting of the Academy was held in the Assembly Hall of the 
Cosmos Club on Thursday, February 18, 1932. About 100 persons were 
present President Adams called the meeting to order at 8 : 20 and Introduced 
as speaker of the evening, Doctor N. A. Cobb of the Bureau of Plant In- 
dustry, Retiring President of the Academy, who delivered an address on 
Science oe lUualraied in the personnel and achtevemenU of the Academy and ile 
eighteen affiliated aocteltea. 

The speaker emphasized the responsibility of the scientists of Washington 
to develop an interest in the broad problems In which science touches the 
general welfare as well as in the technical researches of their separate fields, 
^e address will be published in this Journal. 

247th MEETINO 

The 247th meeting of the Academy was held in the Assembly Hall of the 
Cosmos Club on Thursday, March 17, 1932. About 76 persons were present. 
President Adams called the meeting to order at 8 20 and introduced Doctor 
W. H. Longley, Professor of 2k)(ilogy at Goucher Colley, and Executive Offi- 
cer, Tortugas Laboratory, Carnegie Institution, who delivered an illustrated 
address on. The law of organic evolution and tie place among the laws of kinetic 
eyateme. 

The author’s abstract follows:— It is possible to determine very accurately, 
when known species of ammals and plants received their accepted scientific 
names The date when each was first coUected for scientific study may not 
be fixed so precisely, though patient inquiry gives a fair approximation to fact. 
But dates of naming depend on time of finding; and time of finding similarly 
depends upon where species are. Moreover, the geographical distribution of 
species is an effect ef the very play of forces by which they were onginally 
made. Clearly, therefore, there is a possibihty of getting new hght upon 
evolution through analysis of the statistical data of taxonomv and distnbution. 

Upon inquiry it appears that, on the average, species of the smallest genera 
in natural groups wtuch arc collected with discnmination of matenal in the 
field get their names sooner than others, and that in other generic sizes the 
species enjoy no advantage one over another m the respect mentioned In 
respect to finding, species of larger genera tend to come to light earlier, those 
of smaller genera later, though this way of putting the matter does not tell 
quite the whole stoiy When the detailed results of the two anal 3 r 8 e 8 are 
compared and further inquiry is made concerning the relation between time 
of finding and area occupied, it is ascertainable that the species of large genera 
occupy laige, and those of small genera small average ranges 

Tlus is a fact of utmost importance. It seems impossible to explain it 
except by assuming that the many widespread (or able) species in the large 
genera are desccn&nts of able ancestral species which have had much success 
in incrcasiiig the number of species of their general sort m the world, and that 
the few and weak ^lecies of small genera are similarly the descendants of weak 
ancestors which have had correspondingly small success in the production of 
new kinds. But to say that this is the explanation of the correlation between 
size of genus and average specific range withm it is to affirm that evolution is a 
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fact, and that its prooess is Darwinian in principle. Variation, inheritance 
and natural seleotion— with isolation, as may be shown also— umte in bringing 
it to pass. The data of taxonomy and distnbution establish the fact of 
evolution and identify the factors concerned in it. 

More still may be learned from consideration of the mimencal relations of 
genera and species Evolution is not only a fact and Darwinian m principle 
but occurs acoordmg to law. Still more, its law may be written m as de^te 
mathematical form as the laws of the “exact” sciences, and is one of a natural 
group, of which the gas laws arc most familiarly known. 

Why this should be so may be stated briefly: The laws of gases express the 
result of random action upon one another of their active units, the molecules. 
It is as unnecessary and unprofitable, however, to limit the application of 
kinetic theory to systems composed of such units as it would bo to apply our 
knowledge of falling bodies exclusively to those falling from rest. Within the 
field of an amplified kinetic theory fall possible systems whose units (always 
active and acting upon others at random) may incapable of repitr^ction 
and variation, or capable of either alone or of the two together 

All four suggested aorta of kinetic systems exist Normal gases are 
examples of the first. Their laws are the gas laws so-called. Glowing gases 
compose the second group Their units are atoms, capable of variation in 
state, but incapable of reproduction. The exercise of their power of variabil- 
ity is limited by the pressure m the 83rBtem. The master law of such systems 
is the law of distribution of energy m the hne spectrum If it had b^n the 
first of gas-laws to bo fully worked out, the elementary laws of gases might 
have been derived from it by inspection. 

Simple populations (populations composed of a single sort of organism) 
are the third kind of sy^m contemplated Their units, the individual 
organisms, have by definition no power of variation, but do have the power of 
reproduction, litmted in its exercise by the “pressure” prevaihng in the 
system The master law of such systems is the law of population growth 
expressed graphically by the logistic curve There are also secondary laws 
of simple populations, corollaries of the law of growth, which are structurally 
the same as the laws of gases ' 

Compound or species populations, second-order populations, such as all the 
individuals of all the species of each great natural group of organisms compose, 
are the most complex of the systems here considered Their units (species) 
reproduce and vary at the same time that they react with one another at 
haphazard. The master law of these systems is a law of differentiation, or 
of evolution, the law which the data of taxonomy and distribution affiim to 
exist Their lesser laws include a law of growth according to the logistic 
curve and laws structurally like, or homologous with, the gas laws. 

It is not suggested that in these several systems the action of unit upon 
unit is precisely the same in kind. Let the action be, for example, after an 
order capable of schematic representation as the result of mechanical impact 
between ideally elastic spheres of molecular proportions and pressure may be 
measured in millimetres of mercury Jxil it be more subtle, as it is in the 
organic systems, and it may be measured in terms of failure to maintain an 
ideal rate of increase in the absence of checks. 

The one method of measurement is as valid as the other, and a kmetic 
theory of simple and second-order populations as completely justified as a 
kmetic theory of gases, normal or glowing. The two, in fact, are so closely 
akin that by omitting the specific and non-essential one statement may be 

■ Longley, W. H. Science, 7S: 248-260, Feb 28, 1032. 
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made to cover both and the portion of bioloipr which deals with species in their 
genera and ranges can be exhibited as an integral part of physics. 

CuABLEB Thom, Recording Secretary. 

PHILOSOPHICAL SOCIETY 
1019th meeting 

The 1019th meeting was held in the Cosmos Club Auditorium, Saturday 
evening, March 14, 19.31, President Curtis presiding 

Program: W. F. Wallis: The geographical dtctrdmtion of magnetic dis- 
turbances (illustrated). — The reduction and discussion, m the Department of 
Terrestrial Magnetism of the Carnegie Institution of Washington, of the 
magnetic record obtained by the two MacMillan Arctic ex^itions of 
1921-19^ and 1921-1924 afforded an opportunity for comparing the effects 
of magnetic disturbances in polar regions with other points on the earth's 
surface In addition to MacMillan's two Arctic stations at Dowdoin 
Harbor on the southwest coast of Baffin Island and Refuge Harbor on the 
northwest coast of Greenland, the records of the following stations were used 
in the discussion: Sodankylil, Sitka, Cheltenham, Tucson, Vieques, Honolulu, 
Antipolo, Huancayo, Vassouras, and Watheroo. The two magnetic storms 
of March 14, 1922, and January 29, 1924, were selected, and comparisons were 
made by computing for each hour of each storm the excess energy of the 
magnetic field per cubic cenlimcr (AU) due to the disturbance, as represented 
by the equation 

AiB - (Xo^X + + ^„AZ)/(4»-) + [(AX-)* + (AY)» + (AZ)*]/(8t) 

As a check use was mode also of the expression 

Afl - [(AX)* + (AY)* + (AZ)*]i'* 

which represents the change in space of the total-intensity vector. The 
numerical mean values of A^ and AA for the durations of the storm and the 
auroral-frequency numbers of the stations ns taken from Fnts’s curves, when 
plotted m relation to magnetic latitude, indicate a close relation between the 
auroral frequency and the distnbution of magnetic disturbances. On comput- 
ing algebraic, instead of numerical means of the hourly values of A/f, it is 
found that the averoro excess energy produced by these storms is positive for 
the stations within the auroral zone but negative for all the other stations. 
Evidences are presented to show that different types of magnetic disturbance 
are propagated around the earth with different velocities. Possible causes of 
mimetic disturbances are bnefly considered. (Author’s abstract ) 

Discussed by Messrs. Gish and Humphreys. 

H. C. Dickinson : Scientific automoinlia (illustrated).— Among the questions 
often asked by scientists and those who are interest^ in motor vehicle de- 
sign and operation from the scientific side are some which merit particular 
attention. 

Some of the scientific as well as the practical aspects of the following 
su^iMts were discussed. 

'The engine and complete power-plant in relation to performance and 
efficiency of the vehicle, including the process of "free wheeling.’’ 

The steering mechanism, its mecham<» and geometry and its relationship 
to safety of operation. 

Bmkes, of various tvpes, their capacity, limitations and safe use as related 
to roads and road-surfaoes. 

Motor fuels, in relation to starting, satisfactory operation, vapor look, fuel 
knock, fuel dopes and premium fuels and fuel economy. 
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Lubrication, types of lubricating oils and their relationship to safe lubrica- 
tion and proper operation. 

Anti-freese compounds, of three general classes, and their relative merits 
and demerits. 

^ark plugs. 

Fuel pumps. 

Headlighting and some of the obscure points involved in the method of 
highway lifting. (Aulhor'a abstract.) 

Discussed by Messrs. Adams, Gish, Hawkesworth, and White. 

1020Ta MBETINQ 

The 1020th meeting was held in the Cosmos Club Auditorium, Saturday 
evening, March 28, 1931, President Curtis, presiding. 

Program: J. W. Green and L H Adams: The effect of pressure on the mag- 
netic inversion point in iron and other materials (illustrated). — This oodmrative 
investigation by L H. Adams and J. W. Green, of the Geophsrsical lAbora- 
toiy and Dei^rtment of Terrestrial Magnetism, respectively, both of the 
Carnegie Institution of Washington, was undertaken principally because of 
its beiuing on the earth’s magnetic field and its relation to the problem of the 
central iron-cores. The object was to determine whether or not the tem- 
perature at which iron and other ferromagnetic substances pass from the 
magnetic to the non-magnctic state is affected by an increase of pressure. 

The specimens of the matenals under investigation were made up as the 
core of a miniature transformer or induction-umt, and placed m an electrically 
heated pressure-bomb. A six-volt alternating-current was supplied to the 
primary of the transformer and the output from the secondary was amplified, 
rectified, and earned to a direct-reading galvanometer 

The temperature of the inversion-point, indicated by the galvanometer 
reading dropping to zero, was measur^ by means of platinum-platinrhodium 
thermocouples 

Five ferromagnetic metals were used in the investigations, namely, iron, 
nickel, nickel-steel, magnet ite, and meteonc iron. The pressure medium was 
carbon-dioxide and dctenninations were made at, pressures up to 2,000 atmos- 
pheres for iron and magnetite, 2,200 atmospheres for nickel, 2,600 atmos- 
pheres for nickel-steel, and, in the case of meteoric iron, 3,600 atmospheres. 
The results indicate that pressure has practically no effect on the inversion- 
point, although the possibility of a slight decrease is not excluded as there was 
a shght tendency toward depression, especially m the ciusc of nickel-steel and 
meteoric iron 

On the whole, it seems a fair inference that the pressure-coefficient of the 
magnetic inversion-point remains zero or negative even at the high pressures 
m the earth’s intenor and that consequently the permeability of the nickel- 
iron core of the earth is not significantly higher than that of ordinary rocks. 
(Authors’ abstract.) 

The paper was presented by J W Green and was discussed by Messrs. 
Adams, Bhickwedde, Gibson, Gish, Heck, Humphreys, and Tuckerman. 

R. F. Mehl' Radiography with gamma rays (illustrated) — The studies 
carried out at the Naval Research I^aboratoiy during the last two years upon 
the use of gamma rays from radium or radon for the inspection of mctalllo 
objects (castings, welds, etc ) for defects were descnbwl The physical 
characteristics of gamma rays which distinguish the radiographic results 
obtained from those of X-rays were pointed out and briefly discussed. An 
experimentally deteimined exposure curve relating thickness to exposure time 
(milligram-hours) serves to determine the length of exposure for any- given 
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object. The application of the method to two lai*e castings in Naval vessels 
was described and illustrated. The definition and sensitivity obtained is 
entirely satisfactoiy, even up to 7" of steel. Radiographs have been prepared 
of thicknesses over 10", but the reqmrcmcnt of radium or of exposure time 
becomes very great. Research now under way indicates the successful de* 
velopment of faster films, which will mean that the exposure times now 
necessary will be greatly diminished or (which amounts to the same thing) 
leaser quantities of radium will be required. {Aulhor^s abalract.) 

Discussed by Messrs Brickwedde, Hawkbsworth, and Tuckbrman. 

Informal cammunicaiion: L B Tuckbrman: Indaattc impact of three 
perf^y elastic and perfectly smooth spheres. 

Discussed by Gibson. 

10218T MEETING 

The 1021 st meeting was held in the Cosmos Club Auditorium, Saturday 
evening, Apnl 11, 1931, President Curtis presiding. 

Program: A. B. Lewis, E. L Hall, and F. L. Colwell: Some properties of 
foreign and domestic micas (illustrated). — A number of samples of mica, 
fairly representative of the major sources of the world’s supply of mica, have 
been tested for their dielectric constant, power factor, dielectric strength, 
and ability to withstand elevated temperatures. Average values are given 
for the dielectnc constant and power factor at radio frequencies, and for the 
deviations from these average values which must be expected in commercial 
lots of mica It is shown that stains and inclusions seriously affect the power 
factor of a sample, but liave much less effect on the dielectric strength Most 
of the samples were unaffected by exposure to temperatures up to fiOO^C , 
but above that temperature only the phlogopites can be said to have success- 
fully withstood the elevatcil temperatures On the basis of these data it was 
not possible to distinguish between micas of like commercial grades obtained 
from different geographical localities. (Authors’ abstract ) 

The paper was presented by A. B. Lewis and discussed by Messrs. Silsbee, 
Bbombacher, Piogott, Humphreys and Curtis 

Embert a LeLacheur: Tidal phenomena in Long Island Sound (il- 
lustrated). (Published in this Journal 21: 239) 

Discussed by Messrs Humphreys, Marmbr, and Curtis. 

1022nd meeting 

The 1022nd meeting was held in the Cosmos Club Auditorium, Saturday 
evening, April 25, 1931, President Curtis presiding. 

Program: W J. Peters and J. W Green: A photographic method of chang- 
ing the ratio of ordinate-scale to abscissa-scale (illustrated) — This method is 
proposed for the purpose of reproducing magnetograms or other continuous 
photographic records made at different observatories on the same scales as 
regards both time and value of magnetic or other recorded clement with all 
the minutiae of detail. Two photographic exposures are made, one of the 
photographic record, the second of the resulting negative. In both exposures 
the sensitised paper is inchned at predetermined angles which depend upon the 
magnifications required of the abscissae and ordinates, respectively, and uix>n 
the condition that the respective scales be umform throughout the final 
positive. Theoretically there is no hmit to the choice of ratio desired between 
the scale of ordinate and the scale of abscissa. Practically the limit is fixed by 
the depth of focus available, and the smallest stop usable, or by the number of 
remtitions of the operation of two exposures. Experiments were made in 
which the final ordinates were made about three times as long as the original 
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with respect to the abscissae in the one operation of two exposures (A uthora' 
(Aatraet ) 

The paper was presented by W. J. Peters and discussed by Messrs. 
Brigos and Tuckerhan. 

Charles Bittinger; Color (illustrated).— The technique of painting 
ohang^ble pictures which are perfectly normal in day-light or ordinary 
artificial light, is done by usmg pigment mixtures which have a subjective 
similarity but an objective difference 

The reason our organs of sight do nut detect this objective difference is 
due to the fact that the eye is not an analytical receptor, that is, the eye does 
not examine the component parts of the sensation but accepts it as a unit. 

When pictures contaimng these pigments are illuminated by hght con- 
taining a few adjacent wave-lengths, a different brightness relation takes 
place; when the pictures are illuminated by dichroic or trichroic light, a hue 
difference as well os a relative brightness difference takes place In this way a 
new picture can be made to take the place of the one seen in white hght. 

A fleeting after-image was demonstrated by moans of a Bid well rotating 
disk. A red hght was made to turn green when seen through the open seg- 
ment. A change in frequency, brightness ratios, or observer may weaken the 
effect or cause the appearance of other phases of the complete after-image. 
None of the attempts at explaimng the entire phenomenon is generally 
accepted (Author’s abstract ) 

Discussed by Messrs. Lambert, Crittenden, Wrtoht and Meggers. 

1023ru meeting 

The 1023rd meeting was held in the (/osmos Club Auditorium, Saturday 
evemng. May 9, 1931, President Curtis presiding 

Program: H L Dryden: M oUon pictures of the flow of atr a7id of the travel 
of sound waves (Japanese highspeed moviea).™The films which were exhibited 
were taken in the laboratories of the Aeronautical Research Institute of Tokyo 
Imperial University, Tokyo, Japan, by Professor T 8uhara and his assistants 
under the general supervision of Baron C. Shiba, the director of the institute 
The films were presented to Dr George K Burgess, the director of the Bureau 
of Standards, by Baron Shiba. These pictures, commonly known as the 
Baron Shiba pictures, have attracted world-wide attention, some of them hav- 
ing been mode at the amazing speed of 40,000 pictures per second 

The motion of air may lx* matle visible in two ways The first is by the use 
of floating bodies, such as balloons, particles of dust, or smoke-clouds. The 
motion of these objects represents the motion of the air only insofar as the 
weight, size, and temperature of the particles do not produce differences We 
may also in a sense see the motion of air m another way, namely, by means of 
the changes in density produced by the motion The changes in density 
deflect rays of hght from a straight line Eveiyone has m this manner “seen’’ 
the air rising from a hot body such as the radiator of an automobile One 
may also stand in the wind with a long thin plate such as a saw-blade and, 
sighting along the edge toward some bright object, see the “waterfall” over 
the edge. In the pictures shown there were examples of both methods. 

ThrM reels dealt with the flow of air made visible by smoko. The smoke 
itself IS rather interestmg. Studies in this country have been made either by 
the use of titanium tetrachloride, the smoke of the smoke-screen or smoke- 
bomb and incidentally lughly corrosive, or by the use of tobacco-smoke. 
Professor Suhara used an inccnse-smoke, the smoke from s^nko, a substance 
commonly burned in Japan when visiting tombs. 
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The air-flow was produced by a suction fan at one end of a long box with 
gl^ side walls, the box being atout 7 feet long, 2 feet deep, and 1-1/2 inches 
wide, ie. between the glass walls. The glass walls were vertical and the 
models were placed horisontally between them. Upstream from the model 
was placed a vertical pipe with a number of small holes from which the smoke 
issued. The speed of the air was about 7 miles per hour and the pictures were 
taken with a commercial high-speed camera at the rate of 120 per second. 
The smoke-particles therefore moved about 1 inch between exposures and the 
separate particles were not seen, the smoko-streams appearing as white lines. 
The field of view covered by the camera was roughly 1 foot square. The 
flow about a flat plate, a triangular prism, a circular cyhnder at rest and 
rotating, a semi-circular barrier and an elliptic cyhnder were illustrated by 
the first film The second film showed the flow around various auf oil sections 
used for airplane wings, and the third film showed the flow through various 
types of orifices, nozzles, and valves 

The fourth film showed some pictures of the travel of sound-waves, taken 
at a rate of 40,000 pictures per second, the sound-waves being made visible 
by their effect in deflecting rays of light from a straight line. 

ITie camera is very ingenious A smgle strip of film about 12 feet long is 
secured along the inner surface of a drum about 4 feet in diameter, which is 
rotated at about 3750 r.p m The heart of the mechamsm is a revolving 
mirror in the shape of a frustrum of a regular polygonal pyramid of 180 sides 
which is rotated at approximately 14,000 r.p m. The image is formed on the 
film by a fixed lens. light after passing through the lens is reflected from 
each of the 180 mirrors in turn to the film, the relative speeds of the film-drum 
and rotating mirror being such that the image is stationary with respect to the 
film. The pictures taken by the camera arc about 1/7-inch square and about 
1,000 can bo taken on a stnp of film. At a rate of 40,000 per second, pictures 
can be taken continuously for about 1/40 second The small pictures are 
enlarged to standard size 

The film showed the travel of sound-waves set up by an electric spark in 
enclosures of various shapes, circular, triangular, and eUiptical (Au/Aor’s 
abalract.) 

Discussed by Messrs Cuuns, Humpiirrys, and Tuckkhuan 

Informal communication: W. J. Humphreys: The mbTohon of stretched 
wires exposed to strong air-currents. 

Discussed by Messrs Hawkeswortii, Tuckekm.vn, and Dbyden. 

G II. Wait, Recording Secretary. 

1024th meeting 

The 1024th meeting was held in the Cosmos Club Auditorium, Saturday 
evening. May 23 1931, President Curtis presiding. 

Program: C. Moon: Problems in the measurement of the length of a single 
layer solenoid with an accuracy of one part in a million (illustrated). 

Discussed by Messrs. Heyl, Tuckerman, Dryden, Judson, Kbanda, 
L. H. Adams, and Gish. 

P. R Heyl: The prospective of modem physics. — The most striking feature 
of modem physics both from its strangeness and its ubiquity, is the radical 
change m the nature of the concepts dealt with, a change away from material- 
ism and toward the insubstantial. Matter has become a form of energy; 
atoms are vibration in something the nature of which is not yet clear. Nothing 
remains but shadows of former realities. 

And these shadows are vague and iU defined Heisenberg’s uncertainty 
principle asserts that we can know accurately only about half of all measurable 



HAY 19, 1932 


PBOCKXDmos: philosophical society 


quantities, and that an attempt to improve the precision of our knowledge 
of this half autoipatioally interferes with our obtaining a like knowledge of the 
other half. 

Even space and time have become blended, as Minkowski tolls us. This 
involves the introduction of h3rpetgcometiy into the realms of physics, a 
thing utterly taboo not more than forty years ago 

And Dirac has called into question the fundamental character of our 
number concept, suggesting that the really fundamental things of Nature are 
incapable of expression numerically, and that numencal relations begin to 
appear only when we reach combinations of these fundamentals of a certain 
degree of complexity. 

The remarkable thing about all this is that it is possible to cut more closely 
to Nature's hues by means of these shadowy concepts than was possible under 
the older materialistic regime. {Avlkor'ti abstract.) 

Discussed by Messrs. Humphreys, Hawkesworth, White and Tucker- 
man. 

L. V JuDSOH, Corresponding Secretary. 

1025th meetino 

The 1025th meeting was held in the Cosmos Club Auditorium, Saturday 
evening, October 10, 1931, President Curtis presiding 

Program: F B Silsbee: Compositccmlmstruments jar precise a c. measure- 
ments (illustrated). — This paper describes a new type of electrodynanuc 
instrument adapts for use in measuring alternating current, voltage, and 
power at the frequencies used in power circuits. Both the fixed and moving 
coils are formed of separate windings insulated from each other. One set of 
windings carries the alternating currents to be measured, while the other set 
Carnes direct current supplied by a 12-volt storage battery. The direct 
currents can be set by suitable control rheostats to that one of a senes of 
definite values at which the torque produced by them is approximately equal 
and opposite to the a c. torque Any unbalanced difference in torques causes 
a deflection of the moving coil which is read by the location of a line of hght 
on the instrument scale. The value of the direct current is obtained by 
comparing the drop in a known resistance with the voltage of a standaid 
cell. 

In this way the bulk of the quantity under measurement is referred directly 
to the standard cell and the errors in scale reading, spring fatigue, self-heat^, 
etc , affect only a small part (2 per cent of full scale value) of the total indica- 
tion The use of an astatic double 83rstem greatly rtnluces the effect of the 
earth's nuignetic field and at the same time can be used to compensate for the 
otherwise Urge effects of mutual inductance between the a.c. and the d.o. 
windings. Instruments of this type can readily lie designed to have a preci- 
sion of reading equivalent to that of an ordinary instrument with 1500 scale- 
(fivisions and still have a period of 3.5 seconds, and an accuracy approaching 
0 01 per cent. (Author's abstract.) 

Discussed by Messrs. Hawkesworth, Tuckebman, Gibson, and White. 

W. P. White: The insulation of thermels and other points of tkermel tech- 
nique (illustrated).— Shortly after its introduction the highly sensitive copper- 
constantan or Iron-constantan thcrmel (thermoclectnc thermometer) gave 
results of outstanding precision in calonmetry But most of those were for 
short periods, and measurements with thermels over penods of an hour or 
more were found to show slight errors which were so frequent that they almost 
came to be regarded as normal. After a good many years an attempt was 
made to investigate the sources of these errors with a view to removmg them. 
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There is every indication of suooeea in this attempt, and if these indications are 
confirmed, the precision which can be relied upon will have been increased 
some ten-fold 

Greater precision in the comparison temperature, which is alwajrs needed 
for reading single temperatures with thermels of any description, has ap- 
parently b^n obtained, although this part of the investigation is not com- 
pleted. Error from inhomogeneity of the wires has, by suitably locating the 
proper point for the temperature gradient, been reduc^ to 0.0001° m reding 
with an ice bath, and to a fraction of that when the comparison body is near 
the temperature of the other end of the thcrmol 

The very highest insulation, 60,000 megohms or more, is desirable or 
necessary. It can be obtained by cfmng out the thermel itself at about 120°, 
preferably by means of air, repeatedly pumped out, and then sealing the end 
of the glaffi inclosure where the leads emerge. Two sealing compounds which 
do not show surface leakage even in a saturated atmosphere and which will 
remain dry under ordinary conditions, are picem and resin with 6 per cent of 
albolcne. 

A convement arrangement of the terminals outside this seal has been 
devised, which allows ready reversal both of the two halves of the thermel 
and of the connecting cable, thus detecting some of the very unlikely errors 
now remaming, should they occur (Author’s abstract ) 

Discussed by Messrs Kracek, Stihson, and Brickwedde 

A B. Lewis: A chck-controUed constant-framency generator (illustrated). — 
A synchronous motor generator set is described in which the motor is forced to 
rotate in S 3 rnchromsm with signals from a standard clock circiut. This result 
is obtained by first running a specially wound motor synchronously from a 
S-phase commercial power line. The field of this synchronous motor is then 
electncally rotated about the motor frame by an amount which exactly com- 
pensates for the departure of the frequency of the commercial power from true 
60 cycles. This rotation of the motor field is produced by a rotary synchro- 
scope, which IS in turn controlled by thyratron tubes, the grids of w^ch are 
excited by a clock-driven tuning fork. The output of the generator is used to 
operate cycle counters, synchronous timers, or other hght synchronous 
machinery 

The poBsibihties and binitations of the machine are discussed and data 
are given to indicate the accuracy (=b 0.004 sec ) which may be expected from 
the machine when used as a timing device. Safety devices are described which 
shut down the machine should it for any reason fall out of synchronism with 
the clock signals or hunt excessively The machine has an ultimate load 
capacity of 4 kw and can take a suddenly applied load of 2 kw without serious 
huntmg (Author’s abstract ) 

Discussed by Messrs. L. H Adaub, White, Kbanda, Silbbee, and Gibson. 

1026th meeting 

The 1026th meeting was held in the Cosmos Club Auditorium, Saturday 
evening, October 24, 1931, President Ctjhtib presiding. 

The program was the occasion of the first Joseph Henry Lecture, m memory 
of the first President of the Philosophical Society of Washmgton 

The lecture of the evening, Cerlatn aspects of Henry's experiments on 
electromagnetic induction, was delivered by Joseph S. Ames, President of 
Johns Hopkins University. (Published in this Journal 21: 403). 

1027th mebtino 

The 1027th meeting was held in the Cosmos Club Auditorium, Saturday 
evening, November 7, 1931, President Curtib presiding. 
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Pro(jram: C. S. Barrett: Imperfeetimin cryatdU (illustrated).— The X-ray 
reflecting power of a ciystal depends on its perfection. If a rather perfect 
crystal be rendered imperfect at its surface by grinding, the X-ray reflection 
from these surfaces is much more intense than from interior points. This may 
be shown by the nature of the spots on a Laue photograph. If a quarts plate 
be oscillate pieso-eloctrically, an unusual distribution of reflecting power 
results. A study of this distribution shows that the reflecting power of a 
given atomic plane varies greatly from point to point in the ciystal, while at a 

S ’ven point in the crystal the reflecting powers of different planes are affected 
fferently. This phenomenon differs from that resulting from grinding the 
surfaces Experiments indicate that the phenomenon m oscillating quartz 
is due to strain gradients, and that it affords a new means of analysis of 
modes of vibrations of quartz oscillators and resonators, and of inhomogenous 
strains in other suitable crystalline materials (Author’s abstract ) 
Discussed by Messrs HAWKBSwonTii and Khacek. 

S B. Hendricks: Group motions tn solid molecular and ionic compounds 
(illustrated) — (’lystal structure determinations for sodium nitrate and 
ammonium nitrate indicate that the nitrate groups are rotating in these sohds 
before the melting points are reached The excitation of group rotation is 
accompanied by abnormal changes in such properties as the specific volume, 
the heat capacity, and the crystal structure In the case of sodium nitrate 
the setting in of the rotation is gradual while in ammonium nitrate it occurs at 
pohmiorphlc transition points. 

Group rotation occurs in the ammonium and substituted ammomum 
halides, and probably in the hydrogen halides. It is also to be observed m a 
number of molecular compounds such as hydrogen, methane, and ethane 
(Author’s abstract ) 

Discussed by Messrs Barrett, L. H Adams, Curtis, Kkacek, and 
Hawkeswortii 

L. B. Tuckerman, in an informal communication, called attention to 
Arthur Eddington's article. On the value of the cosmical constant. The following 
is an abstract of his remarks: 

Many years ago Ernst Mach pointed out that in a thoroughgoing theory of 
relativity the mass of any particle would represent, not a property of its own, 
but its interaction with all the other particles in the Universe. Einstein, as 
well as others, has emphasized this viewpomt but no explicit expression of it 
has previously been embodied in any of the forms of the general theory of 
relativity. 

In a recent number of the Proceedings of the Royal Society (Senes A, Vol. 
133, No. A822, pp. 605-615) Eddington, by an argument bam on relativity 
considerations, identifies the mass term 2rm c a/h in Duac’s wave equation 
of an electron with y/N/R where N is the number of electrons m the universe, 
and R is the radius of the Einstein world. 

This in connection with tho Einstein equations enables him to calculate 
the number of electrons in the universe, the radius of the universe and in 
consequence the nebular red shift in terms of quantities which can be measured 
in the mboratory. He finds for the number of electrons in the universe 


N 


ir*c« 
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and for the nebular red shift expressed as a speed of leoession v per unit 
distance d 


V OMmV 

d “ Va re^ 

where « ■■ the oham of an electron, m — the mass of an electron, M * the 
mass of a proton, G - the constant of gravitation, and c - the velocityof 
light. 

The value of the red shift calculated from the laboratory data on 0, M, n 
and c gives 

3 — 528 km per second per megaparsec 
a 

while the value found from astronomical observations ranges from 430 to 530 
km per second per megaparsec according to different observers. 

It seems probable that this contribution of Eddington’s will prove to be 
one of the foundation stones of the coming synthesis of the theory of the 
physical universe. 


1028th meetinq 

The 1028th meeting was held in the Cosmos Club Auditorium, Saturday 
evening, November 21, 1931, President Curtis presiding. 

Program: N. H. Heck: Background and huU^ of irweattgatton of strong 
earthquake motions (illustrated).— While instruments to record strong earth- 
quake motions were developed in China as early as 146 A.D., and while a 
number of seismologies have been interested in tlus problem, it is only recently 
that, as a result of investigations in Japan and in the United States, such 
measurements have become a factor in the design of buildmgs and structures 
to resist earthquakes. 

The importance of the problem has steadily increased as regions subject to 
severe earthquakes have become centers oi population with the resulting 
congestion of buildings, largo and small, containing large numbers of people 
and valuable property and records Other structures such as bridges, dams, 
and water supply systems are of almost equal importance. Enmneers 
through investigations of earthquake effects and by testing models on snaking 
platforms have erected buildings intended to resist earthquakes but fed 
great need for actual observations of earthquake intensity. 

Prominent civil engineers visiting Japan at the lime of the World Engineer- 
ing Congress in 1020 became interested in this problem and the last Congress 
made an appropriation to the Coast and Geodetic Survey to develop instru- 
ments and make measurements of strong earthquake movements. The in- 
struments described have included a starting device, a three-copiponent 
accelerometer, and two types of automatic recorders. On account of paper 
cost the reco^ must be started by the earthquake. 'Through effective co- 
operation, the starting device has bmn developed by the Massachusetts Insti- 
tute of Technology, the accelerometer by tho Bureau of Standards, and the 
recorders by the Coast and Geodetic Survey. The instruments have not yet 
been tested by an earthquake but have been severely tested on shaking plat- 
forms. They give excellent promise of giving the desired results when in- 
stalled m earthquake regions. (Author’s abstract.) 

Frank Wenner: Development of accelerometers of the Bureau of Standards 
(illustrated). — In the design of buildings, bridges, etc., to have the maximum 



MAY 19, 1932 


fboobedinob: fbilosofhical bociety 


287 


nsistanoe to earthquake ohooka oonsiBtent with reaeonable cost, the structural 
engineer needs fairly definite information concerning the probable ground 
movements in order to predict the forces to which vanous parts of the struc- 
tures may be subjected. Presumably the ground movement within the 
destructive area of major earthquakes, while decidedly irregular, is for the 
most part back and forth about an equilibrium position, and so may be con- 
sidered as a senes of superimposed, damped harmomc motions of vanous 
periods. According to the expenenoe of the Japanese, it is those components 
of the motions having periods of from one to three seconds which are mainly 
responsible for the destruction of property. The only known means of 
obtaining records of these movements is by means of a seismometer, and it 
seems generally to be assumed that a seismometer should have a period 
approximately the same as that of the components of the ground movement 
considered most sigmficant. However, a seismometer having a penod of 
from one to three seconds would give neither reasonably accurate records of 
the accelerations, of the velocities, nor of the displacements associated with 
ground movements having periods within this range, and consequently would 
give httle if any data of value to the structural engineer If the period of the 
instrument were rather long, 10 seconds or more, reasonably accurate records 
of the displacements would be obtained, but on account of the irregularity of 
the movements such records would scarcely serve for a determination of the 
forces transmitted to structures On the other hand, a very short penod 
instrument gives directly the accelerations, which must be known if the 
forces are to be calculated. The instrument shown here, which is one of three 
constituting a set— one for each of the three perpendicular components of the 
ground movement— has a penod of one-tenth second and is so dampeil that it 
gives reasonably accurate records of all accelerations which either remam 
constant for 0.04 second or more, or have penods of 0.15 second or more. 
With the photographic recording paper at a distance of 50 cm from the 
mirror the displacement on the record is approximately 2 5 cm for an accelera- 
tion of one-tenth gravity. The instrument is 12-1/2 cm high and has a 
mass slightly in excess of 1500 grams The steady mass of approximately 
4 grams is supported by quodnfilar suspensions and has a reduced length of 
approximately one cm. The paper was illustrated by diagrams and a table 
showing the relations between accelerations of different penods and the 
corresponding displacements. These will be reproduced m a paper to be 
publi^ed shortly in the Bulletin of the Seismological Society of Amenca. 
(Author’s abstract.) 

M. W. Braunlich: The corUacl acederometer as a starling deinre for use 
with a strong earthquake accelerometer (illustrated, read by H. E. McComb) — 
The instrument consists essentially of a steady mass of alxiut 200 grams 
mounted as an mverted pendulum on thin, steel spnngs and free to oscillate 
m one plane The steady mass is held away from its natural position of rest 
by a micrometer screw, the contact between screw point and steady mass 
being in a closed electrical circuit When the accelerations reach or exceed a 
certain predetermined value the contact is broken due to the inertia of the 
muss and a relay is operated which in turn closes or opens other circuits which 
may start the accelerometer recorder. This particular type has the ^vantai^ 
over other mechanically operating types in that it is free from fnction. It is 
recommended that six of these accelerometers be used in senes, onenting them 
in different directions and in the vertical in order to insure operation of at 
least one eomponent regardless of the direction of the initial impulse. Tests 
indicate that one of the instruments will get a recorder into operation in less 
than 0.19 second after the impulse. (AuUior’s abstract.) 
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D. L. Parkhuhbt: Automaite dedric recorders (illustrated).— The auto- 
matic electric recorder operates continuously. The dnun carries photographic 
paper but there is no recording until the electric light is tum^ on by the 
starting accelerometer as described elsewhere. At the same time as the 
a time recording mechanism and a warmng signal must be switched on. The 
recorder operates for half an hour and then stops automatically. Smoe many 
strong eaithquakes have a single shock, arrangement is made to turn off the 
light after a few minutes, the record not resuming unless another earthquake 
occurs. 

Coat is saved by making the recording drum from a commercial aluminum 
cookmg kettle. 

There are two dnving motors, one an induction motor driven from the 
110-volt lighting circuit and the other a direct current motor driven from a 
dry coll to operate in case the hne current is cut off through the earthquake. 
Change from a.o. to d.c and back is made without change of speed of drum. 
The needed gear reduction is accompkshed by adding a third motor which 
runs idle and which is so built as to give the needed i^uction. 

Practically all the details are standard commercial articles and this reduces 
the cost, an important matter since the number of installations is consider- 
able. {Author’s abstract ) 

H. E McComb: An automatic-starting recorder with motor-clock drive for 
use with accelerometers (illustrated) — A motor-clock-dnven recorder has b^n 
developed for use in connection with the registration of records made by an 
earthquake accelerometer. It consists essentially of a commercial motor 
clock, equipped with ball governor, which drives a drum at the desired pe- 
npheral spe^ for about 20 minutes. I.<amp and cylindrical lens are provided 
for use m photographic registration The device is automatically started by 
means of smtable trigger devices operated by means of a Braunlich contact 
accelerometer. The recorder is well adapted for shakmg table tests and has 
been used in testing accelerometers of different types. {Author’s abstract.) 

After presentation of the above papers there were discussions by Messrs. 
Heck, Wright, Wenner, L H. Adams, Blake, and (’urtib 

W. J Humphreys in an informal communication. White lightning and red 
lightning, stated that it is reported that white lightmng starts more fires than 
r^ hghtnmg and discussed the reasons why this should be true. 

G R. Wait, Itecording Secretary. 

GEOLOGK^AL SOCICTY 
480th heetino 

The 480th meeting was held at the Cosmos Club, October 28, 1031, President 
Meinzer presiding 

Program Philip B Kino- Permian limestone reefs in the Van Horn region 
of Texas — In the van Horn region of west Texas, Permian rocks make up the 
greater part of the mountain crests, and m places extend nearly if not quite 
to their bases. The combined thickness of the various partial sections of the 
series exposed m the different ran^ is about 7000 feet. The senes overlies 
all the older formations of the region, including rocks of Pennsylvaman age, 
with great unconformity. Deposition throughout the epoch was nearly 
continuous and undisturbed by diastrophism or incursions of clastic sediments. 
Uniform conditions persisted throughout long penods of tune, so that there 
is an unusual development of different lithologic and faunal facies. Changes 
between facies ore abrupt both laterally and vertically, giving rise, seemin^y, 
to a variety of formations and faunas in each vertical section. 
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Recent work by J. B. Knight and the writer leads to the conclusion that 
the controlling factor in the change of facies was the persistent growth of 
long limestone reef barriers. In Sierra Diablo and the Baylor Mountains, 
where the chief studies were made, such reefs extend through a stratigraphic 
section 3000 feet thick and have bmn traced for a linear distance of 30 miles. 
The reefs are preserved as massive limestones and dolomites with irregular 
original dips, which contam a fauna of massive algae, sponges, bryozoa, and 
corals, as well as crinoids with large columns, and thick-shelled brachiopods. 
To the northeast the reef beds interfingcr in a short distance with black lime- 
stones and siliceous shales containing ramose and frond-like bryozoa, thinly 
shelled and spmosc brachiopods, and a locally developed nch molluscan fauna; 
these strata were probably deposited in the open sea On the opposite or 
southwestern side, the reef limestones merge into thinly bedded dolomites 
abounding in fusulinids, which in turn give place to limestones and marls with 
a restneted fauna characterized by the abundance of a relatively few species 
of gastropods and brachiopods. The beds behind the reefs are considered to 
be of lagoonal origin. 

These abrupt lateral changes from one facies to another are particularly 
confusmg in stratigraphic woik because the lagoonal faunas arc so conserva- 
tive that they have often been assigned to a Pennsylvanian age, whereas the 
open sea faunas, oven near the base of the Permian have a decidedly Guiula- 
lupian aspect. Future attempts to classify the Penman must recognize the 
profound influences of facies on the faunas, and a search must be made for 
fossils of lunited vertical and wide horizontal range The most promising 
groups for purposes of classiflcation now appear to be the ammonoids and 
the fusulinids (Author’s abairw I ) 

Discussed by Messrs Goldman, Capps, and Fekguson. 

F C Calkins. Petrography of drtU cuttings from saline deposits. 
Discussed by Mr. Gilluli. 

Robeht van V Andehson • Geology in the coast ranges of Western Algeria — 
The Atlas ranges and intervening plateaus of northern Algeria represent a 
somewhat elevated, wnnkled and in part broken, loss stable fringe, some two 
hundred miles wide, along the more stable continental mass farther south 
Of this fringe the Tell Atlas, or Mediterranean Coastal ranges, occupymg a 
belt about fifty to seventy-five miles wide on the north, form a zone of greater 
instability, in which a larger amount and the latest accretions of deformation 
have taken place The rocks are inamly Jurassic, Cretaceous, and Tertiary 
marine sediments, with scattered outcrops of more ancient strata, the latter 
appearing especially adjacent to the coast 

The whole French north African contmental border was uplifted in the 
post-Eocene Alpmc revolution, but portions of the Tell Atlas belt were later 
subject^ to repeated submergence beneath the sea, reemergence and folding. 
The Miocene-Pliocene marine section comprises a thickness of over ten 
thousand feet The principal epochs of emergence and deformation in the 
later Tertiary were after the early Miocene, to a lesser extent after the late 
Miocene, and again during and after the Pliocene. The present structural 
and topographic forms in the coastal ranges of western Algeria are essentially 
of Quaternary origin and modification The superficial crustal movements 
in these coast ranges have been to a considerable extent in t he nature of local 
warping and compressional foldmg, with faults more in the nature of read- 
justments than as primary structural forms. (Author’s abstract.) 

Discussed by Messrs Stobe, Hess, Hkwett, Goldman, Alden, Atwood, 
and Stephenson. 
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481bt MBXTINO 

The 48lBt meeting waa held at the Cosmos Club, November 11, 1931, 
President Meinzeb presiding. 

Informal Commumcations: H. D. Miser reported the rediscovery of 
mercury ores recently near Murfreesboro, Pike County, Arkansas. The ore 
occurs in cracks in sandstone but does not impregnate it. The ore is cinnabar 
with minor amounts of native mercury, quartz, and dickite. 

C S. Ross. — Associated with the cinnabar in Pike County, Arkansas, is 
the clay mineral dickite of the kaolin mup. Dickite is alwa^ of hydro- 
thermal ongin and its association with the mercury ores throws light on their 
origin. 

Discussed by Hess. 

R C. Wells reported the discovery of the new element number 87. This 
element belongs to the alkali group and was extracted from the mineral 
samarskite by Dr. Rapisch of Cornell Uiversity. 

Regular Program: F. E. Matthes — Walter Penck’s concept of the ‘'Primary 
Peneplain (Prtmarnlmpf).” 

Discussed by Messrs. Meinzer, Mbrtie, and Capps. 

James M. Hill: A problem of beryllium ores — Within the last three years, 
or since 1928, there h^ developed a limited market for commercial beryl as 
distinct from gem material The commercial beryl should contain not less 
than eight to ten jier cent BeO, and at the present time is quoted at about 
S50 00 a ton. This demand arises from the discovery that a small quantity 
of beryllium added to aluminum and aluminum-magnesia alloys gives a sur- 
prising strength and corrosion resistance to the resulting metal. It appears 
that these berylbum-aluminum alloys wUl have a wide use in airplane con- 
struction and in several other industries where lightness and great strength 
are required. The chief markets are m Germany and the Unit^ States In 
this country the Beryllium Development Corporation has acquired practically 
all of the patent rights covering the production of chemical beryllia (BeO) as 
well as the patents covenng the vanous alloys This company has expended 
considerable money in research work during the past three years and is now 
endeavoring to obtain a supply of beryl. 

So far as I know, beryl occurs only in pegmatite lenses and the chief pro- 
duction in the past has come from the New England and Piedmont states in 
the cast and the Black Hills in the central part of the United States. There 
are some properties in the Umon of South Afnca worked primarily for gem 
beryl that are producing and shipping commercial beryl to both Germany 
and the United States. It was my privilege to examine several pegmatite 
deposits in the far west during 1929 with a view to obtaining a commercial 
supply of beryl and it seems reasonable to believe that several of these de- 
posits can produce. Probably no one mine can supply more than a few tons 
of beryl a day at best, and in most of them the production will be of the order 
of a few tons a week or month. 

My examinations showed that besides the beryl crystals, which can be 
hand sorted, there is in some deposits as much as sixty per cent of the total 
BeO content of the rock in the form of very finely divided beryl mixed with 
quartz and feldspar. Such material could not be hand sorted and wet con- 
centration methods are impo^ble because all of the minerals have approxi- 
mately the same specific gravity. In some experimental work I did, looking 
for a method of separation of the material, I waa able to recover fifty to 
seventy-five per cent of this fine beiyl in a flotation concentrate that contained 
from ten to as much as twelve per cent BeO. All of my work so far has been 
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on a laboratory scale and there are many kinks in the metallurgy which will 
have to be ironed out in commeroial practice. I believe that to obtain an 
adequate supply of beryl it will be necessary to operate a considerable number 
of mines on a relatively small scale at each place and that surely some form 
of metallurgy will have to be used in order to get as much of the beryl content 
of the ore as possible. Most of these deposits will have to bo operated for 
either quarts, feldspu or mica, and the b^l will be a valuable by-product. 
I have seen no deposits as yet which I believe can be operated for beryl alone. 
{Author’s abstract.) 

DiacuBsed by Messrs. Steioer, Schaller, Schairer, R. C. Wells, and 
Hess. 

G. R. MANsnELo: Further developments tn the geology of southeastern Idaho . — 
Areal geolodo maps (on the scale of 1*62,500) of the Ammon and Paradise 
Valley quadrangles, the latest for which field work has been completed in 
south-eastern Idaho, were exhibited together with adjoinmg published maps 
on the same scale. The northwest extension mto these quadrangles of forma- 
tions and structures observed in the previously mapped areas was noted and 
the relation of Tertiary beds and lavas to earlier formations and structures was 
pointed out. The ^neral relations of the Bannock overthrust were discussed 
and a number of windows at distan<»8 rangmg from 9 to 25 miles back from 
the front of the upper fault block were described. Comparison was made 
with the Turner V^iey area m southern Alberta, Canada, where, according to 
Moore and Link, an antichnal structure in Upper Cretaceous beds and con- 
taining deep-lying, oil-producmg Madison limestone has been shown by 
drilling to be overtbrust at depth on beds of Upper Cretaceous sandstone. 
The interpretation offered by these authors for this area is that of a low an^e 
thrust pume or sole occompamod by steeper subsidiary longitudinal faults. 
This interpretation is thought to add confirmatory evidence to the similar 
interpretation earlier made by the wnter for the Bannock overthrust in 
southeastern Idaho. (Author’s abstract ) 

DiscuBsed by Messrs. Hess, Boitb, Kino, Parker, Miser, Hewett and 
Gilluly. 

C. H. Dane, J. F. Schairer, Secraanes. 

©bituarp 

The death in Washington on Apnl 12, 1932, of Louis Aqricola Bauer, 
the original Director and, since 1930, Director Emontus of the Department 
of Terrestnal Magnetism of the Carnegie Institution of Washington, removes 
from science an internationally rccogmsed authonty in the field of his special 
interest. Almost solely on account of his enthusiasm and orgamzing abihty, 
the systematic magnetic survey of the whole Earth, both on land and on the 
oceans, has been accomplished within the past twenty-five years. This 
survey established an empirical basis for theoretical discussions of the origin 
and behavior of the Earth’s magnetic field which would otherwise have long 
remained impossible While the recognition accordetl Dr. Bauer rests largely 
on tUs monumental achievement, he was also among the foremost in the 
discussion of not only terrestnal magnetism but of other related geophyacal 
problems, as is evidenced by the long list of titles with which he is accr^ited. 

Bom of German-American parentage on January 26, 1865, in Cincinnati, 
Ohio, Dr. Bauer received from the University of Cincinnati the degrees of 
Civil Engineer (1888) and Master of Science (1894). After a short experience 
as computer in the Coast and Geodetic Survey under Mendenhall and 
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Bdiott, his interest in tenestriel pfxsgnetwm was aroused and he cittend 
the University of Berim There he oame under the influence of the men whqis 
names are insenuably oonneoted with the progress of geophysical soiflace o( 
tJiat period The subject of his diaeertation for the d^jiee of Doctor ct 
Philosophy obtained m Januaiy 1895 at Beriin was mdmted m the tide, 
BatrOffe tur Kennintsa dea IVeaena der Sakular Vanalwn dea BrdmatnebMmtu 

On his return to America he served successively on the faoul^ of the 
universities of Chicago and Cinoumati When the Division of Terrestrial 
Magnetism was estabbshed at the Ckiast and Geodetic Survey m 1899 he was 
made Inspector of Magnetic Work and Chief of Division In 1904 he became 
Director of the Department of lerrestnal Magnetism of the Carnegie Institu 
tion of Washington founded as the result of his efforts During the following 
twenty five yean the carrying out of this ambitious project was vigorously 
prosecuted under his able and sealous leadership Its woik has already 
splendidly reabsed his vision 

Dr C Dwioht Marsh a retired research worker of the Bureau of Animal 
Industrv died unexpectedly on April 23 1032 He was bom m Hadley 
Massachusetts December 20 1865 He graduated from Amherst CoUej^ 
m 1877 and was awarded the degree of doctor of philosophy by the Umver 
Bity of Chicago in 1904 After graduation Dr Marsh spent about a year 
at the Manne Biological Laboratory at Woods Hole Mass and then entered 
the teachmg profession He was professor of biology at Ripon College Wis 
consul for 20 years servmg also as dean of the college during the latter 
part of this period He was responsible for the development of tbe Wisconsm 
Academy of Sciences Arts and Letters and served as president for one term 
From 1905 until his retirement a few years ago Dr Marsh was assoouited 
with the U S Department of Agnoulture 

Dr Marsh was a member of the Phi Beta Kappa the Washington Academy 
of Sciences and the Cosmos Club Some of ms most unportant scientific 
work relates to the study of plankton life m fresh water lakes and to the di»> 
ooveiy of the effects of poisonous plants on animals 
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ENGINEERING — The work of Joseph Henry tn relation to applied 
science and engineering ' Arthur E Kbnnellt * (Commuiu- 
cated by L B Tuckbrman ) 

The pioneer work of Joseph Henry in physics, and especially m its 
department of electromagnetics, has justly claimed the pnncipal at- 
tention of his biographers and students Certam aspects of Henry s 
work m the physics of electromagnetic mduotion were the theme of 
that fine presentation last year by President J S Ames of the Johns 
Hopkins Umversity, in the first Joseph Henry lecture of this senes 
Henry also accomplished, however, so much in apphed physics, that 
without detracting m the least from his fame as a pure scientist and 
researcher in basic physics it seems proper to consider, at this time, 
hiB achievements m relation to apphed science and engineenng 

As It 18 Bometunes difilcult to distinguish between basic and apphed 
science, when considenng the mamfold occupations and accomplish- 
ments of a scientific pioneer like Henry, we may be permitted to con- 
sider as basic those scientific studies directed to the development of a 
field of knowledge per ae, and as apphed science or engineering, those 
studies directed to utihties, as well as to the field itself bo mter- 
woven, however, are basic and apphed science, and especially m phys- 
ios, that the distinction between them may sometimes be reducNsd to 
mere differences m the attitude of the researcher s nund One and 
the same piece of scientific research may be regarded as either basic, 
or apphed, or both accordmg as the lesearcher directed his mmd to 
the fidd of knowledge itself, or to its utihzation, or to both 

■ Aa addreBS, tbs seecnd Joseph Henry lecture delivered before the Philoeophioal 
SooMty of Wsshington on April 23 1982 Keoeived April 26 1982 

* Professor Emeritus of Electncnl Engineering Harvard University and the Massa- 
ohusstts Institute of Technology 
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Henry’s accomplishments in applied science are notable in the fol- 
lowing fields: 

I. Civil Engineering. 

Survesring and Gcodetics 

II. Electrical Engmeenng. 

(a) Lifting electromagnets. 

(b) Electromagnetic telegraphy. 

(c) Elementary electroinagnet.ic motors 

(d) Lightning protection. 

(e) fllectroballistice. 

III. Mechanical Engineering 

(/) Building stone testa 

IV. Acoustical Engmeenng. 

(g) In buildings. 

(A) In fog-signalling 

V. Illumination Engmeenng. 

(i) In light-house development. 

VI. Meteorological Engineering. 

0) Forecastmg from telegraph bullctms. 

It may be noted that among the 148 publications appearing in the 
List of Professor Henry’s SderUtfic Papers, printed in the Annual Re- 
port of the Smithsonian Institution for 1878 and the Bulletin of the 
Philosophical Society of Washington, Vol. II, nearly forty relate to 
scientific applications. 

SURVBYINO AND OBOOKTICS 

In 1825, New York State appointed commissioners to survey the 
route for a state road from the Hudson River to Lake Erie, a distance 
of over 500 km. Henry was appointed an engineer on this survey. 
The route he followed was from Kingston, near West Point, on the 
Hudson, to Portland Harbor on Lake Erie. He acquitted himself so 
well in this survey, that an effort was made to have him appointed 
permanently as state engineer. In 1829, he read a paper,* published 
in the Transactions of the Albany Institute, which is a topographical 
report covering a considerable part of the state of New York, giving 
tables of distances and elevations along various routes. His paper 
gives a clear description of the topography of the country along these 
routes. It states: 

“The elevations in Table No. 1, between the Hudson River and Bath, 

are from the survey of William Morcll, h^. The remaining elevations of 

this Table, as well as those in No. 2, are from the personal survey of the 

writer of this article.” 

' Topographteal sketch oj the State of New York designed chiefly to show the general ele- 
vations and depressions of its surface. Bibliography 8, 1: 8-36 Traaa. Albany Inst , 
I; 87-112. The bibliography is at the end of the paper 
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These levelling surveys had to be carried over some very difficult 
stretches of country, including sections of what was, at that time, 
primeval forest. Henry seems to have taken so much interest in this 
work that it may have been a matter of good fortune for both bnsic 
and applied science, when he was diverted from the profession of en- 
gineering by the vacancy of the (-hair of Mathematics and Natural 
Philosophy in the Albany Academy. 

ELECTRICAL ENGINEERING 

The Traction or Smtaming Electromagnet 
Sturgeon, in England, had announced, in 1825, the production of 
the first horse-shoe electromagnet. It consisted of a bar of soft iron 
bent into horse-shoe form, insulated on its surface by a coat of varnish, 



and with bare copper wire wound over it m separate spires. When a 
voltaic current was passed through the copper wire, the horseshoe 
became magnetized, and would lift an iron rod laid across its poles. 

The laws controlling the force of attraction lietween the electro- 
magnet and its soft iron keeper, or armature, are complicated and were 
not worked out in detail for practical applications until many years 
later. They involve a combination of electric current in the electric 
wire circuit and of magnetic current or flux in the magnetic circuit. 

Henry, experimenting with electromagnets at Albany, N. Y. in 
the years 1828-1831, succeeded m establishing certain fundamental 
principles, ns to the conditions in both the electric and magnetic cir- 
cuits, for securing the maximum attractive force from a given horse- 
shoe electromagnet. At the same time, he greatly improved the wind- 
ing on the magnet by using insulated wire in many close turns. At 
that time, of course, there were no instruments for measuring electric 
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current. He made a series of electromagnetio measurements with 
three controlled elements; viz: 

(a) the number and the size of the voltaic cells in the exciting circuit of the 
electromagnet, 

(b) the length of extra copper wire introduced into this circuit, 

(c) the number of seriee or parallel windings on the electromagnet. 

Under these controlled variations, he measured the attractive force, 
in pounds weight, exerted by the magnet. 

In eooperation with Dr. Ten Eyek, he showed, from a number of 
such measurements, that the greatest attractive force or lifting poweH 
could be obtained from a horseshoe electromagnet by the use of a 
“quantity battery” together with a “quantity winding” on the mag- 
net, provided that the battery and magnet 
were close together and connected by short 
lengths of wire. That is, the battery should 
have only one cell and its plates should be of 
large surface. The magnet windings should be 
connected in parallel. On the other hand, when 
the battery and magnet were far apart and had 
to be connected by a long wire, the best arrange- 
ment for attractive force on the armature was 
to use an “intensity battery” and an “intensity 
magnet,” i.e. the cells of the battery should be 
connected in scries, and also the windings of the 
magnet. He points out that this combination 
has a bearing upon the problem of an electromagnetic telegraph. If, 
however, on intensity magnet has to be used, with all its turns in series, 
then for best tractive effort an intensity battery should be placed in the 
circuit, whether the connecting wires between them are short or long. 

All of these principles, enunciated by Henry, more than a hundred 
years ago, are still fundamentally correct. The terminology, however, 
has been greatly changed, partly through the widespread knowledge of 
Ohm’s law (7 = £!/R) of current in an electric circuit. Dr. Ohm had 
already published, in Berlin, his essay containing that law* in 1827, 
but the publication received very little attention, and did not find its 
way into text books on physics until some twenty years later. It did 
not come into electrical applications until after 1840, in the early de- 

* Bibliography 8, I; 37-63 Siiliman’s Am Jour Sci 10: 400-408 Jan 1831 

*Z>te galvamtche Ktllt maihtmtUifcK bearheiUt Georg Simon Ohm, Professor of 
Physics at Munich, Berlin 1837. 



Figure 2 —Henry’s m 
tensity electromagnet 



JUKB 4, 1932 


unnullt: work or jobbph hbnbt 


297 


velopment of telegraphy, and after instruments had been produced 
for measuring electromotive force, resistance, and current. The 
above mentioned results which Henry published in 1831, were far in 
advance of the knowledge in electromagnetics at that time. 

In one set of measurements he describes his electromagnet as made 
of a cylindrical bar of soft iron 1/4 inch (0.64 cm.) in diameter, wound 
with about 8 feet (2.4 m.) of insulated winding with perhaps 100 turns. 
When this winding was excited by one copper-zinc voltaic cell with 
plat^ of 28 sq. in. (180 sq. cm.) immersed in dilute acid, the weight 
lifted by the magnet was lbs. (2 kg.). When a length of 1060 feet 
(320 m.) of copper bell wire 0.04.5 inch (1.14 mm.) in diameter was 
inserted in the circuit between voltaic cell and magnet, the lifting power 
of the magnet fell to about half an ounce (14 gm.) The resistance of 
the length of copper specified would today be about 8.8 ohms; but at 
that date, when high-conductivity copper 
was not in demand, it may readily have 
been nearly 20 ohms. 

With an intensity battery of 25 zinc- 
copper cells in series and with the same 
active area of plate surface in each cell as 
before, the magnet lifted 8 ounces (227 
gm.), with the whole length (320 m.) of 
copper wire inserted in the circuit; so that 
changing from 1 cell to 25 cells, increased 
the lift from 14 gm. to 227 gm , with the 
whole length of wire included. Short cir- 
cuiting the long copper wire, or coimecting 
the 25-cell series battery to the magnet 
terminals, gave no increase in lifting 
power. Indeed the lifting power observed 
was somewhat less (7 oz. or 198 gm.). It will be remembered, how- 
ever, that the plain zinc-copper battery of those days was subject 
to marked polarization and variation of electromotive force, while in 
action. The effect of changing the battery from one cell to 25 in 
series, increased the lift from 14 gm. to 227 gm., with the long wire 
in circuit; but with the long wire cut out. the lift fell from 2,000 gm. 
to 227 gm. This was the first published demonstration of the im- 
portance of using a series-connected, or intensity battery, to increase 
the tractive power of an electromagnet of many turns through a con- 
siderable length of external circuit. 



FiRuro — Hcnry’M electro- 
magnet with group Coils, for 
connection either in senes or 
in parallel 
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Diacuasing the remarkable power of the intenaity battery to over- 
come the effect of inserting the 320 meters of extra copper wire in the 
circuit, Henry remarks : 

“On a little consideration, however, the above result does not appear so 
extraordinary as at first sight, since a current from a trough possess more 
‘projectile force’ to use Prof. Hare’s expression, and approximates somewhat 
in intensity to the electricity from the common machine. May it not be a 
fact that the galvanic fluid, in order to produce its greatest magnetic effect, 
should move with a small velocity . . ? . . From these experiments it is 

evident that in forming the coil we may either use one very long wire, or 
several shorter ones as the circumstances may require; in the first case our 
galvanic combinations must consist of a number of plates so as to give 
‘projectile force’, in the second it must be formed of a single pair.’’ 

Here Henry uses the term “projectile force’’ to designate what we 
call today electromotive force and "velocity of magnetic fluid” for 



Figure 4 — Henry's frame for testing strength of electromagiict 


what we now call current strength. He is evidently not far from a 
conception of Ohm’s law, which had already been formulated mathe- 
matically by Ohm four years before. By the term “trough” in the 
above quoted passage, Henry evidently means a series-connected 
battery, with the elements arranged in the form of a trough. Also 
by the term “common machine” he doubtless refers to either the 
frictional or the induction electric machine, which were the only 
electric generators known, prior to Volta’s discovery, in 1800, of the 
voltaic pile. 

In the same publication, Henry goes on to describe the construction 
of a larger electromagnet, a model of which, kindly loaned to us by the 
Smithsonian Institution from its museum, is shown here this evening. 
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The magnet had a winding of 9 coils of insulated copper wire arranged' 
to be connected either in series or in parallel combinations. The total 
weight of the magnet was 21 poun^ (9.5 kg.). It was excited by 
one ainc-copper dilute acid cell with concentric plates. The effects 
were tried of various winding combinations on the sustaining power of 
the magnet. The maximum was reached at 750 pounds (340 kg.), 
when all the windings were connected in parallel, or as a “quantity” 
winding. The magnet thus lifted more than 35 times its own weight, 
with the aid of a single exciting cell, a very remarkable achievement 
for the year 1831. 

In a communication to Sillimmi’s American Journal of Science* 
in April 1831, Henry describes a yet larger horseshoe electromagnet. 



FiRurc 5 —Henry’s bell-sipinl elcctrumiiffnet 

constructed for Yale University. It weighed 59i pounds (27 kg.) with- 
out its multiple-coil winding. Excited with a single zinc-copper dilute 
acid cell, it supported a weight of 2063 pounds (937 kg.). 

Electromagnets for raising and carrying masses of iron are in fairly 
extended engineering use at the present day, and Henry’s pioneering 
work at the Albany Academy from 1827 to 1832 clearly pointed the 
way to that electrical application. 

The electromagnetic bell signaling instrument here shown, from the 
Smithsonian Museum collection of Henry apparatus, is a replica of an 
apparatus made and used by Henry, in 1832, for sending audible elec- 
tromagnetic signals through a wire more than a mile in length. This 
apparatus is not referred to in Henry’s paper of 1831, but appears in 
Henry’s statement to the Board of Regents of the Smithsonian Insti- 

* An tueowU of a large electromagnet, made for the laboratory of Yale College. Bib* 
liuftTHphy 8, I: 60-53 
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tution for 1857, together with testimony to show that the instrument 
was exhibited in 1832, at the Albany Academy/ 

“I arranged around one of the upper rooms in the Albany Academy a 
wire of more than a mile in length, throuj^ which I was enabled to make 
signals by soundmg a bell. (Rg. 7.)* Rie mechamcal arrangement for 
effecting this object was simply a steel bar, permanently magnetised, of 
about ton inches in length, supported on a pivot, and plac^ with the north 
end between the two arms of a horse-ahoe magnet. When the latter was 
excited by the current, the end of the bar thus placed was attracted by one 
arm of the horse-shoe and repelled by the other, and was thus oausi^ to 
move in a honsontal plane and its further extremity to strike a bell suitably 
adjusted ” 

• liar* Fif 6 



Figure 0 — Ilenry’H voltaic battery fur speedy chanao <if cunnci-tions liotween series 
and parallel 

The original Henry instrument is kept in the Palmer Laboratory 
Museum at Princeton, where Henry set it up, and is reported on good 
authority to have been used as a signalling device, in his house, on the 
Princeton University campus, operated by electric current from his 
laboratory, probably in the basement of Nassau Hall. 

Henry declared that he never in his life filed an application for a 
patent of invention. In this technical sense, therefore, he was not 
an inventor; but in a broad sense of the term, he was imdoubtedly a 
great inventor; because in making researches in basic science — his 
selected field of work — he often indicates through his writings that he 
realized from time to time possible applications for his discoveries, 
while leaving to others the tasks of introducing them into industrial 

' StaUmeni in relation to the hietory of the electro-magnetxe telegraph. Smithsonian 
Annual Report for 1857, pp 90-106 Bibliography 8, II: 430-437. 
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service. He always admitted that Morse was the inventor of the 
electric telegraph bearing that name, but Henry has recorded the fol- 
lowing claims:* 

“From a careful investigation of the history of electromagnetism in its 
connection with the tel^aph, the following facts may bo establu^ed: 

(1) Previous to my investigations, the means of developing magnetism 
in soft iron were imperfectly understood, and the electro-magnet which 
then existed was inappbcable to the transmission of power to a distance. 

(2) I was the first to prove by actual experiment that in order to develop 
magnetic power at a distance a galvanic battery of ‘intensity’ must be 
employed to project the current through the long conductor and that a 
magnet surrounded by many turns of one long wire must be urisd to receive 
the current 



Figure 7 — Plan view of battery. 

(3) I was the first to actually magnetize a piece of iron at a distance, and 
to 0^1 attention to the fact of the application of my experiments to the 
telegraph. 

(4) I was the first to actually sound a bell at a distance by means of 
the electro-magnet. 

(5) The pnnciplcs I had developed were applied by Dr. Gale to render 
Morse’s machine effective at a distance.’’ 

There can be no doubt that Henry’s electromagnetic researches 
found abundant application in the magnetic telegraph. 

VoUaic-BaUery Mechanism for Senes-BaralM Connections 
Henry published in 1835, an illustrated description of a machine 
which he designed and constructed at Princeton for swiftly cha ngi ng 

■ Bibliography 8, II. 435 -136 
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a voltaic battery of 88 cells, from series to parallel combinations, so 
that they might be, in the extreme oases, either all in series or all in 
parallel.* The various pairs of plates were held in a rigid wooden 
frame, and each plate had a little metallic cup fastened to it for 
holding a quantity of mercury. Metallic bars of suitable size 
and shape, served to connect the cells in series or in parallel. 

The same plan in essentials, is very generally employed today with 
storage-battery installations for charging them in parallel and dis- 
charging them in various series combinations for high-tension service. 






Figure 8 — Henry’e voltaic cell and coiinorttirM 

Henry’s apparatus was thus a pioneer form of voltaic-battery engineer- 
ing design. 

Electromagnetic Engine or Early Form of Electric Motor 

On the table, is the repb'ca of Henry’s early form of reciprocating 
motor driven by voltaic-battery power. This replica is also loaned by 
the Smithsonian Museum. The original is preserv'ed with the Henry 
apparatus at Princeton University. 

The little engine is described by Henry in a letter to the Editor of 

' Detenphon of a gaivantc battery for producing electneity of different inteneitiee 
Bibliography 8, 1:80-86 Trans. Am Phil Sac , 5; 217-222 Jan 1836 
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Silliman’s American Journal of Science'" published in July 1831, in 
the following terms: 

“Sir: I have lately succeeded in producing motion in a little machine by 
a power, which, I believe, has never before been applied in mechanics — 
by magnetic attraction and repulsion. 

Not much importance, however, is attached to the mvention since the 
article, m its present state, can only be considered a philosophical toy; 
although, in the progress of discovery and invention, it is not impossible 
that the same principle, or some modification of it on a more extended scale 
may hereafter be applied to some useful purpose But without reference 
to the practical utility, and only viewed as a new effect pro<luced by one of 
the most m3r8tenou8 agents of nature, you will not, perhaps, thmk the fol- 
lowing account of it unworthy of a place m the Journal of Science.” 

The apparatus consists of a pair of vertical permanent magnets, 
which, in modern parlance, are the field magneto of the little machine. 



Fixurc 9 - Henry’s electromotor device 

As described in the paper, their north poles are uppermost. A soft 
iron bar, pivoted about a horizontal axis, and wound with insulated 
wire, is free to oscillate over a certain range under the magnetic forces 
of the upright permanent magnets. This oscillatory electromagnet 
corresponds to the armature of a modern direct-current motor. At the 
free ends of the rocking armature are stiff projecting copper wires, 
arranged to dip into mercury cups at each end in such a miuiner that 
the current from a voltaic cell is caused to reverse the magnetization 
of the rocker bar near the end of each stroke, and so reverse the mag- 
netic forces on the rocket bar. In this rocking commutator, we have 
the precursor of the rotating commutator of the modem motor. 

Henry thus produced what was probably the first electric motor 
device using a commutator, although in the progress of the art, its 

” On a rectprocaling mohon produced by magnrhc allrarlion and reputaion BibllOR- 
raphv 8, I. 64-67 
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reciprocating motion had to be converted into rotary motion, before 
practical success was attained with motors. 

Lightning Protection 

Henry was a close observer of atmospheric electric phenomena, and 
contributed a number of articles to the literature of the subject at 
different times. He also, however, formulated a set of rules or direc- 
tions‘i to be followed for the protection of houses from lightning. These 
rules would probably be regarded as good engineering specifications 
against lightning damage at the present date. 

Electro-baUiatics 

In 1843, Henry communicated to the American Philosophical 
Society, a paper'* On a new method of determining the velocity of projec- 
tiles. He describes a chronograph drum, revolving at a uniform speed 
of at least 10 turns per second, so as to permit of high-speed ballistic 
records upon its surface. Two copper wire screens are placed succes- 
sively in the path of the projectile whose speed is to be measured. The 
projectile cuts the wire in the screens so as to interrupt a voltaic cir- 
cuit through each, at the instant of its passage. These circuit in- 
terruptions are automatically recorded on the surface of the drum, 
either by the deflection of magnetic needles, or by electric sparks punc- 
turing a sheet of ruled paper on the drum. The sparks are caused by 
induction coils. 

The method and system, as described, constitute an electrical- 
engineering invention in ballistics. 

MECHANICAL ENGINEERING 

Testing of Building Materials 

In August 1866, Henry read a paper before the American Associa- 
tion for the Advancement of Science, On the mode of testing building 
materials. The President of the United States had appointed a com- 
mission of five persons in 1851, “to examine the marbles which were 
offered for the extension of the United States Capitol’’ at Washington. 
Another commission of three persons was appointed in 1864, to repeat 
and extend some of the experiments. Henry was a member of both 
commissions and evidently took upon himself a large share of the ex- 
perimental work. 

Small cubical blocks of the marbles to be compared were tested in a 

>' Conglnctton of IxQhintng rodo Bibliography 8, II: 308-402, 1800. Also On the 
proleclutn of houteefrom hghlmna Proo Am Phil. Soc , June 20, 1845. 

» Bibliography 8, 1 ; 212-215 Proo Am. Phil. Soo , 8 : 165-107. May, 1843. 



JUKI) 4, 1932 


xonmullt: wobx or josara hknbt 


306 


pres for resistance to crushing. A long series of tests, made in this 
manner, brought out some remarkable and unexpected results. It 
was shown that when the crushing stress was exerted on the blocks 
with thin sheets of lead inserted between the press plates and the 
pressed block surfaces, the blocks gave way at about half of the pres- 
sure they could sustain when the lead sheets were not used. The 
account is, in effect, an engineer’s report. 

ACOUSTICAL ENOIMBBRINO IN BUILDINGS 

In the Proceedings of the American Association for the Advance- 
ment of Science** for .‘August 1856, Vol. X, pp. 119-135, Henry pub- 
lished a remarkable paper. On acoustics applied to public buildings. 
He states that Prof. Bache and he had directed attention to the sub- 
ject of acoustics as applied to buildings, when the President of the 
United States had referred to them the plans for the construction of 
rooms in the new wings of the Capitol at Washington. They visited, 
with this object, the principal halls and churches in Philadelphia, 
New York and Boston. The final plans of the new rooms were ap- 
proved and successfully built 

They also had designs prepared for the new lecture hall of the 
Smithsonian Institution, and incorporated into them various acous- 
tic principles their researches had brought out. These researches are 
most interestingly described in the paper. Henry, in this research, 
was an acoustical engineer, with his aim directed on improving the 
acoustic properties of the lecture hall He was, however, also a 
pioneer investigator of interior acoustics, considered as a basic science. 
He says (p. 419) : 

“Those researches might be much extended; they oiicn a field of investi- 
gation equally interesting to the lover of abstract science and to the practical 
builder.” 


In this passage is revealed that remarkable duality of Henry’s 
mind which appears again and again in his writings. He studies a 
subject for a utilitarian purpose as an engineer, and enriches its basic 
science, while at another time he studies a new field as a physicist, and 
suggests intuitively to the reader where practical applications are 
likely to be found. He was par excellence a combination of physicist 
and engineer. 

The acoustic properties of the Smithsonian lecture hall appear to 
have been very satirfactory, and to have endorsed the special acoustic 
features introduced into its construction. 


w Bibliography 8, II: 4(M-421 
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Congress established the U. S. Lighthouse Board in 1852, with Henry 
as one of its members. I^ater, as chairman of its Committee on Experi- 
ments, he directed, in 1865, a series of acoustic researches on fog sig- 
nals, that were not only of basic scientific importance, but also of 
great engineering value. He showed experimentally that beyond 
relatively short distances, artificial sound reflectors were of no avail. 
To eliminate the personal equation in acoustic observations of this 
kind, he describes an artificial ear or “phonometer,” for making feeble 
sound waves perceptible to the eye. 

These researches of Henry appeared as unsigned reports of the Light- 
House Board, but were subsequently included in his published papers. 
These reports contain comparisons of the acoustic ranges attained, 
under normal atmospheric conditions, by steam whistles, trumpets, 
and sirens. Such comparisons were made over short ranges by phonom- 
eter, and over long ranges by ear, on small vessels making explora- 
tory trips for purposes of the test. They are acoustic-engineering 
reports of great interest. They were made at various times from 1865 
to 1877. 

In the course of these tests, Henry closely investigated the abnormal 
conditions of the appearance of fog signals at shorter and longer 
ranges, with their concurrent disappearance over a certain interme- 
diate range, or belt of silence. These occasional but practically im- 
portant acoustic anomalies, were referred to by Henry in two presi- 
dential addresses before your Society, one** on December 11th, 1872, 
when Dr. Tyndall was present, and the other'*— his last address to 
you — on November 24th, 1877. 

ILLUMINATING ENGINEERING 

Light-Hmiae Development 

In the Report of the Light-House Board for 1875, pp. 86-103, 
Henry points out that in 1852, when the Board** commenced its operar 
tions, sperm oil was the fuel generally employed. The steadily rising 
cost of sperm oil made it desirable to find some less expensive sub- 
stitute. A series of experiments was commenced with lard oil, which 

■* Remarlu on toau abnormal phenomena of eound Siiiith«uni&n Report 1878, pp 
4MMeO. 

The method of sctenlific inveetigabon and tie appltcalion to some abnormal phenomena 
of aound Bull. Phil Soc Washington, 8: 102-174 

>• Bibliography 8, II: 477-610. 
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was then much cheaper, but not regarded as capable of use in powerful 
lamps. 

Commencing with a pair of small conical lamps having “single-rope,” 
as distinguished from tubular wicks, one burning sperm oil and the 
other lard oil, the two commenced nearly at equality of candlepower, 
by photometer; but after burning for three hours the lard-oil lamp fell 
to about one-fifth of the photometric power of the sperm-oil lamp. 
On analyzing the reasons for the falling off in candlepower of the lard- 
oil flame, Henry was led to the conclusion that the capillary flow or 
liquidity of the lard oil in the wick is relatively defective. This, 
however, was found to be affected by the temperature of the oil, so that 
by raising the temperature of the lard oil to about 250° F. the liquidity 
of the lard oil became greater than that of the sperm oil. When, 
therefore, the conditions of oil feeding through the wick of a large 
burner raised the temperature sufficiently, the lard oil should be 
capable of competing on favorable terms. 

After further preliminary trials with larger tubular-wick burners, 
the experiment was carried to (!!ape Ann, Massachustts. Here were 
two twin light-houses, only 275 meters apart. One of these was 
operated with sperm oil, as usual, and the other with lard oil, each lamp 
being so trimmed as to exhibit its greatest capacity. 

“It was found by photometric trial that the lamp supplied with lard oil 
exceeded in intensity of light that of the one furnished with sperm oil 
The experiment was continued for several months, and the relative volume 
of the two matenals carefully observed. The quantity of sperm oil burned 
dunng the continuance of the expenment was to that of lard oil as 100 is to 
104 ” 

A long series of photometric measurements at Boston is then de- 
scribed, with the substitution of the Bunsen grease-spot photometer 
head for the earlier Rumford shadow comparator. An improved pho- 
tometer for measuring the candlepowers of burners using different oils, 
was also set up at the Smithsonian Institution. 

As a result of improvements in lamp mechanism, as well as in the 
substitution of lard oil for sperm oil in all of the light-houses of the 
United States, a great reduction was effected by 1866, in the annual 
cost of light-house oil. 

This published account of light-house research is a fine engineering 
report, containing many basic scientific suggestions of great interest. 
Later on, the price of lard oil began to rise and a new series of researches 
was imdertaken leading to the introduction of mineral oil, which was 
attended at first by a number of special difficulties. 
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UETEOBOLOOIGAL BNaiNBKRING 

Applications of Telegraphy 

In our daily contact with the service of the Weather Bureau, which 
displays coastal storm warnings in advance of expected heavy galea, 
and furnishes daily weather forecasts, with maps, showing the prin- 
cipal meteorological conditions, at a given hour each day, over the 
North American Continent, it is hard for us to realize the correspond- 
ing conditions that existed, say, in 1845, before Henry left Princeton, 
and when there was no way of foretelling the approach of a coming 
big storm, except such as could be guessed by any single observer at 
one spot, and before the general laws of revolving storms had been 
arrived at. 

Henry devoted much time to the study of meteorology, which evi- 
dently exerted a fascination for him throughout his life. The first 
page of his published papers gives abstracts of his first known scien- 
tific contributions (Proceedings of the Albany Institute in 1825 and 
1826) — communications dealing respectively with Chemical and me- 
chanical effects of steam and Refrigeration hy rarefaction of air. Among 
his published papers are 38 that bear by title upon meteorology. Ac- 
cording to the account by his biographer, W. B. Taylor, read before 
this Society October 26th, 1878, Henry’s last feeble utterance on his 
dying day. May 13th, 1878 was a meteorological'^ enquiry. 

Henry’s early studies of weather, when he was at Albany, convinced 
him of the importance of securing simultaneous observations of baro- 
metric pressure, air temperature and humidity, wind velocity, cloud 
conditions and precipitation, at as many different stations as possible. 
In 1849, while the telegraph system of the country was only a few years 
old, it was organized with the aid of voluntary observers into a net- 
work by which a weather map could be made up each day at the 
Smithsonian Institution. Henry urged that every telegraph operator, 
coming on duty at a certain morning hour, should open with a definite 
meteorological message. This plan manifested its utility, but placed 
too heavy a burden on the Institution. In 1870, a meteorological 
office was established by the Government under the Signal Office of 
the War Department. This office was finally transferred to the 
Weather Bureau, created in 1891, under the Department of Agricul- 
ture. The early development of the Weather Bureau, was thus a 
telegraph-engineering development due to Henry's persistent labors in 
meteorology. 

Bibliography 2c Smithsonian Coll , U: SCO 
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CONCLUSIONS 

From what has been above excerpted from Henry’s writings, it 
will be seen that this many-minded man, who made so many notable 
contributions to basic science, also contributed much to applied 
science. 

When, therefore, it is justly claimed for Joseph Henry that he was a 
scientist-discoverer, writer, organizer, and administrator, it can be 
confidently added that he was also an inventor and engineer. 
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GEOLOGY. — Tentative correlation of American glacial chronology vnlh 
the marine time scale.* C. Wythe Cooke, U. S. Geological Survey. 

When the great ice sheets crept down from the north during the 
Pleistocene epoch and covered Canada and parts of the northern States 
of the Union, they brought with them boulders and other spoil torn 
from the land across which they had pushed. At the southern end of 
each sheet, where the ice melted as rapidly as that behind advanced, 
great piles of d6bns accumulated in the form of terminal moraines or 
was swept onward by gushing rivers. Whenever the ice melted faster 
than it advanced, the ice front retreated northward and the ground 
beneath it was once more exposed to the weather. Soil formed, vege- 
tation grew, and animals that had been driven away by the advance 
of the ice returned to graze, browse, or hunt. 

After many years of intensive study of the glacial deposits, geologists 
have unravelled the tangled thread of Pleistocene history and have 
woven from it a brilliant tapestry depicting the interesting events of 
the Ice Age, They recognize a whole series of invasions of the ice 
each of which is separated from the preceding and succeeding invasions 
by long intervals of more or less complete deglaciation. Although 
there is not complete agreement among glacial geologists as to the 
details of what happened during the Pleistocene, most of them think 
that there were five principal periods of glaciation and that the last, 
the Wisconsin glacial stage, was marked by four separate advances of 
the ice. Altogether, therefore, there were at least eight glacial stages 
or substages and seven interglacial stages or substages. 

While these battles between the forces of summer and winter were 
cutting their scare on the land, what was happening to the sea? Every 
ton of ice that was piled upon the land during the glacial stages came 
ultimately from the sea and was returned to it when it melted. Thus 
the level of the sea fell or rose as the continental ice caps waxed and 
waned. The comparatively short glacial stages were times of low 
water in the sea. louring the much longer interglacial stages the 

> Published l)y permusion of the Director of the U 8 Geoloalcal Survey. Received 
April 18, 1932. 
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oceans overflowed their basins and flooded the low mar gin B of the 
continents. The marks made by the sea on the continents during the 
glacial stages are now submerged, but the abandoned strand lines of 
the interglacial stages, flanking marine terraces, now stand above sea 
level. Eight such high strand lines have been detected along the 
Atlantic coast of the United States and in many other parts of the 
world. 

The problem of correlating the glacial deposits with the marine 
Pleistocene terraces and strand lines is difficult of direct attack be- 
caiise the glacial dep>osits are best developed inland, far from the coast- 
al terraces. Field studies in New Jersey and on Long Island, where 


TABLE 1 — Tentative Auk or I*i.Ei8TtK.BNE TsHRAtEn 


Approdomaia ftlti- 
toda ai atnikd line 

Feet Ueten 

Satneoi teiraca 

Qlsojftl and intangUetaJ aUjtn 

270 

82 

Brandywine 

Pro-NcbraskAn wnrra stoKc 

Nebraskan glacial stage 

216 

66 

Cohane 

Aftonian interglacial stage 

Kansan glacial stage 

170 

62 

Sunderland 

Yarmouth interglacial stage 
lUinoian glacial stage 

100 

30 

Wiromicu 

Sangamon interglacial stage 

Iowan glacial stage 

70 

21 

I’cnholdwuy 

Pcorian interglacial stage 
lat Wisconsin glacial substage 

42 

13 

Talbot 

Ist Wisconsin interglacial substage 

2nd Wisconsin glacial substage 

26 

8 

Pamlico 

2nd Wisconsin interglacial substage 
3rd Wisconsin glacial substage 

12 

4 

Princess Anne 

3rd Wisconsin interglacial substage 
4th Wisconsin glacial substage 


late Wisconsin moraines cut across several terraces, may yield defi- 
nite evidence as to the relative ages of the later members of the two 
series, but the earlier glacial deposits are not completely represented 
there. 

An indirect method of arriving nt tentative correlations of the two 
types of deposits is to compare the scijuence of glacial stages with the 
sequence of strand lines and terraces. The latest Pleistocene strand 
line should correspond to the latest interglacial stage and each suc- 
cessively older strand should fit into its corresponding place in the 
glacial chronology. An attempt to do this was made in 1930* but the 

• C Wythe Cooke Pleistocene seaskores* This Journal SO: 389 395 1030; Cor- 
relation of coastal terraces Jour Geology 88 * 577-589 1930 
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result was defective because the complete sequence of terraces and 
strand lines was then unknown. In order to jnkke the two time scales 
flt it was necessary to recognize only two glacial substages within the 
Wisconsin although it was known that the Wisconsin is susceptible of 
division into four. A new attempt, shown in Table 1, utiUzes the 
complete series of glacial stages and substages as well as all the Pleis- 
tocene strand lines now recognized by students of terraces. The 
two scales dovetail perfectly. There is no change from the 1930 cor- 
relation in the assignment of the older strand lines to a place in the 
glacial chronology, but additional terraces (the Talbot with a strand 
line at 42 feet, and the Princess Anne,* with a strand line at 12 feet) 
are inserted into the Wisconsin. 

It can scarcely be expected that the tentative correlation here pro- 
posed will prove to be toal or that it will soon receive general accept- 
ance. It is merely offered as an improvement over that of 1930, 
which was admittedly highly speculative. 

* In 1031 (this Journal SI : 613) I exprosoed doubt u to the validity of the I’rinceu 
Anne terrace. On further investigation the terrace seems to be recognisable 

ZOOLOGY . — A new coaii from Nicaragua.^ E. A. Goldman, Biologi- 
cal Survey. 

Among mammals collected in eastern Nicaragua by Dr. (Charles W. 
Richmond, many years ago, is a coati which seems to represent a 
subspecies that has been overlooked. General comparisons indicate 
marked contrast with its nearest congeners in color. The new form 
may be known by the following description: 

Natua narica rlchmondl subsp. nov. 

Nicaragua Coati 

Type— From Escondido River, 50 miles above Blue&elds, Nicaragua. 
No. 61331, cf adult, U. 8. National Museum (Biological Survey collection), 
collected by Charles W. Richmond, November 19, 1892. Original numbw 
158. 

Distributton. — ^Humid tropical forested region of eastern Nicaragua, and 
probably adjoining parts of eastern Honduras, passing farther west into 
Naaua nartca biUlata. 

General characters . — A large extremely dark-colored subspecies — darkest 
of the North American membets of the group, with small teeth. Most closely 
allied to Nasua narica buUata of western C<wta Rica, but still darker, black or 
very dark brownish black predominating over mort of body, except where 
relieved by strongly contrasting white markings; cranial chanuiters distinc- 
tive. Similar to N. n. nanca and N. n. yucatanica of Mexico, but much 
darker colored than either and differing from both in combination of cranial 
characters. 


Received April 13, 1932 
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Color. — Type: General color of upper parte very dark brownish black, 
unmodified over top of head and on i^erior part of back, rump, and thighs, 
but finely flecked with light buff across antenor part of back, the fleckmg 
involving only extreme tips of haue, changing gr^ually to tawny between 
shoulders; outer sides of forearms overlaid with silvery white, the long white 
tips of hairs here contrasting strongly with the dark general body tone ; under 
parts in general very dark brownish black, pure along median Ime of abdomen, 
dark brown mixed with white on chest, under side of neck and inner sides of 
forearms; white facial markings as usual in the group, but light linos between 
eyes narrow and inconspicuous, ears broadly edg^ with white; feet deep 
glossy black; tail very dark brownish black with scarcely a trace of annula- 
tions discernible. 

Skull . — Similar to that of N. n. buUnta, but more slender, rostrum and in- 
terorbital region narrower; teeth, especially the molars, and posterior pre- 
molars smaller ; audital bullae large and fully inflated as in bullaia. Approach- 
ing that of N. n. nanca, but larger; audital bullae relatively larger, more fully 
inflated; dentition similar, but poirterior premolars smaller. Compared with 
that of N. n. yucalantca the skull differs in decidedly larger general sise, and 
relatively larger, more inflated bullae. 

MeaaureTnenin. — Type: Total length, 1,190 mm.; tail vertebrae, 630; hind 
foot, 109. Sktdl (type): Occipitonasal length, 132 0; condylobasal length, 
120.8; sygomatic breadth, 75.2; interorbital breadth, 28.5, crown length of 
three large posterior cheek teeth (posterior premolar and molars), 21 8; crown 
width of postenor premolar, 7.1. 

Remarka . — The very dark coloration of Naatia nariea nchmondt is a char- 
acter shared m common with the regional representatives of several other 
groups of mammals. In cranial characters nchmondt is somewhat mterme- 
diate between the larger more robust subspecies, N. n. bullaia, and the smaller 
slenderer form, N. n, yucatantca. 

Specimene examined. — Two, from Nicaragua as follovre: Escondido River 
(50 miles above Blueflelds), 1, (type); Segovia River, 1. 

PROCEEDINGS OF THE ACADEMY AND AFFILIATED 
SOCIETIES 
GEOLOGICAL SOCIETY 
482ni> meeting 

The 4S2ad mooting was held in the Cosmos Club, November 25, 1931, 
President Meinzeh presiding 

Program: Marius K. Campbell: The aUuvtal fan of Potomac River . — The 
great deposit of gravel on the peninsula which projects southward tetween 
the Potomac and Patuxent rivers and to which the name Brand3rwine was 
given by William B. Clark, instead of being a marine deposit as has heretofore 
been supposed, is a great alluvial fan built of gravel and sand brought down 
by the Potomac River. The distmetive material is fossiliferous chert which 
is not available for transportation by any other river in this region. This 
chert was traced from Anacostia to Pomt Lookout, Md., and tlience across 
the Potomac River to Warsaw and Rappahannock, Va. and as far south as 
Urbana on the Rappahannock River. The area covered is at least 70 miles 
long and 40 miles ^de in the widest part. It was deposited when the Rappa- 
hannock River had a course different from that whicn it has at present and 
when sea lei^ was approximately 100 feet higher than it is today. {Auihor's 
abatract.) 

Discussed by Miss Babcom and Mn. Stose. 
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G. F. Loughlin and A. H. Koschmann: Dissected ^imenis tn the Mag~ 
dalena dtOnci, New Afexico.— The Magdalena district, New Mexico, is in the 
southeast part of the Basin and Range Province It includes the north end 
of the Ma^alena Range and Granite Mountain, which consist of tilted and 
faulted sedimentary rocks of Carboniferous age and volcamc rocks of Tertiary 
age on a pre-Cambrian basement. The lava flows originally extended across 
the present valleys and over the Magdalena Range, but the earliest stages of 
erosion swept the volcamc cover from the main range, completely in the 
northern part, but only partly south of the town of Kelly. 

The Magdalena Range and Granite Moimtam are bounded on the east 
and on the west by extensive plains, which have been found to be pediments 
covered by a veneer of alluvium. The foot-hills and lower slopes of the range 
include many flat and gently westward sloping spurs and benches which are 
interpreted to be remnants of older, dissect^ pediments. Some of them are 
still capped by patches of alluvium or remnants of old landslides. The more 
abundant and better defined benches are grouped at six different levels. 
Others at still higher levels may also represent old pediments, but are too few 
to be convincing 

The uplift of the range was accompanied by extensive faulting, and the 

f ircsent valleys are in areas of the down-warped and down-faulti volcanic 
ormations that were most readily eroded; but no appreciable amount of 
faulting has taken place recently enough to account for any of the better 
defined benches. 

The dissection of the pediments is attributed to the general lowering of the 
Magdalena Plain, due to the tappmg of its drainage Imes by San Lorenso and 
Ija Jense Creeks, which are tributary to the Rio Grande The development 
of the different st ages of erosion, marked by the rock benches and the high 
and low alluvium, is believed to be related to the varying rates at which thm 
streams cut their ways downward through the volcanic flows and tuffs that 
lie east and northeast of the Magdalena Range; but, owing to insufficient 
information regarding the history of the Rio Grande Valley, definite correla- 
tion must await further study. {Authors’ abstract.) 

Discussed by Messrs. Atwood, Parker, Hunt, Hewett, and Loughlin. 
E. T Allen; (feysers . — Geysers are by no means as well known as is gener- 
ally supposed. Such important characteristics as: (1) an intermittent rise 
and fall of the water level in many geysers, (2) an intermittent discharge in 
many, (3) common association with a siuface layer of superheated water, and 
(4) the frequent occurrence of a maximum temperature before the bottom of 
the geyser well is reached remain either undesenbed or httle known. 

The original theory of geyser action proposed by Bunsen and Dcscloiaoaux 
left out of account an influx of colder water after every eruption which alone 
can explain periodicity (Lang). Bunsen and Discloiseaux's principal con- 
tention that temperatures at every depth in the geyser well increase steadily 
with time between eruptions is not supported by their data (Thorkelsson). 
It is difficult if not impossible to reconcile the facts with the Bunsen and 
Descloizeaux thcoi^, o^y by the assumption of a side chamber connected 
with the geyser well by a narrow channel, a chamber in which geyser action 
originates, can this be done. 

Data from the Yellowstone Park were presented m support of Lang’s 
hypothesis, that a geyser may become extinct through steam leakage in the 
side chamber. On the assumption that the heat supply of geysers is trans- 
ported by jets of ma^atic steam through seams m the rock, the Ufe of a 
geyser might be ended by a diversion of a local supply to other quarters by 
the gouging out of new passages by the solvent action of hot water. 
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The erratic variatione in geyaer behavior are certainly not due to 
obazijBes, but bo far they remain entirely unexplained. (Author’ a obarod ) 

DiBCUBsed by Messrs. Matthes, Johnston, Rubey, Alden, and Fenner. 

483rd MBETINQ 

The 483rd meeting was held at the Cosmos Club, December 9, 1931, Vice- 
IVeeident F. L. Hess presiding. 

Program- O. E. Meinzer delivered his presidential address: History and 
development of ground water hydrology. 

39th annual meeting 

The 39th annual meeting was held at the Cosmos Club after the adjourn- 
ment of the 483rd regular meeting. President O E. Meinzer presidmg The 
annual report of the sccretancs was read. The treasurer presentCKl h^ annual 
report showing an excess of assets over liabilities of $1,357 02 on December 6, 
1031. The auditing committee reported that the books of the treasurer were 
correct. 

The results of balloting for officers for the ensumg year were as follows: 
President- F E Matthes; Vtce Presidents F. L. Hebs and II. G. Ferqubon; 
Secretaries; J. F. Schaiher and W. H. Bradley; Treasurer C. Wythe 
Cooke; Membera-at-Large of the Council Frank Reeves, T. B Nolan, E. 
P. Henderson, F G. Wells, and C. E. Rebser, Nominee as Vice President 
of the Washington Academy of Sciences representing the Geological Society 
O E. Meinzer. 

C H. Dane, J F. Schaiher, Secretaries 
484TU MBETINQ 

The 484th meeting was held at the Cosmos Club, January 27, 1932, Presi- 
dent Matthes presiding. 

Program Chas B. Hunt; The junction of three orogenic types in New 
Mexico. — Three orogenic tyjjes are repiesentea in an elongate belt of country 
lying midway between Albuquerque and Mt. Taylor, New Mexico The 
exposed rocks are of Upper Cretaceous age and consist of the Mancos and 
Mesaverde formations which intertonguc The mam body of the Manens 
underlies the Mesaverde and is underlain by the Dakota (?) sandstone 

Throe physiographic provinces, the ('olorado Plateau, the Southern Rocky 
Mountains, and the Basin and Range, each with a distinctive t.ype of struc- 
tural deformation, come together in this area 

The southeast border of the Colorado Plateau consists of little faulted and 
gently folded strata The Nacimiento Mountains of the Southern Rocky 
mountains are an anticlmal uplift, a 83 rmmetnc in cross section with the steep 
flank to the west A reverse fault has been reported along the west flank 
The uplifting probably ended m the Miocene The Rio Grande valley 
belongs to the Basin and Range province and consists of blocks separated 
by faults having parallel trends So far as known all the faults are normal. 
The major faults attain a maximum displacement of 3.500 feet. The few 
exposures of stnoe found on the fault faces mdicate vertical rather than 
hoiiiontal movements. The major faults produce a stepdown to the west, 
and most of the fracture surfaces dip west as low as 45°. The strata dip east 
generally between 10° and 20°. Locally the dip mcreases to nearly 40°. The 
structural level of the Colorado Plateau is considerably higher thM the Baam 
and Range which has been dropped down by faulting and monoclinal folding. 
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The deformation of the Basin and Range province in this area ended in the 
Miocene and ther^ore is probably contraaporaneous with the uplifting of the 
Nacimiento Mountains. 

The dominant regional fold of the Rio Qrande valley at Albuquerque in the 
Basin and Range province is an anticline which is the southward contmuation 
of the Nacimiento anticline It was a growmg uplift during the middle 
Tertiary as was the uplift of the Nacimiento Mountains. The anticline in the 
valley collapsed by means of block faulting durmg the process of uplifting. 
Both the faulting and the uplifting ceased in the Miocene. {A\dhor*a citatraci.) 

Discussed by Messrs. Kino, Hewett, Pabkeb, I,. A. Surm, Rbssbb, and 
Matthes. 

W. T. Schaller; The cryatal camlvea of the New Jeraey aed%te region . — ^The 
regular crystal cavities associated with seolitic rock in the trap rock quarries 
in and near Paterson are evidence of the former existence of crystals of 
minerals, now dissolved away. 

The geological features indicate that the trap rock lava flowed into a Trias- 
sic lake rich in glauberite, a sulphate of sodium and calcium. These constitu- 
ents, dissolved by the heated waters and mixed with the molten rock, crystal- 
lized out m the lava as anhydrite whose later solution formed rectangular 
cavities, and as glauberite, which formed rhombic cavities. Some of the 
lamellar cavities may be due to lamellar calcite crystals, which crystal habit, 
tabular parallel to the liase, is the high temperature crystal form of calcite. 

Anhydnte has been found in the trap rock in rectangular crystals, partly 
changed to gypsum and to thaumasite and partial and complete removal of 
these alteration products has formed rectangular cavities. Infiltration pseu- 
domorphs of quartz in some of the rhombic cavities Imve yielded cores 
bounded by crystal faces whose angular values ore those of glauberite. 

Babingtomte, which has been suggested as the ongmal mmeral of the 
cavities, does not agree m its crystallography and cleavages with the shapes 
of the cavities. Moreover, its period of formation is much later than the 
minerals forming the cavities (Author's aiidracL) 

Parker D Trask Relation of calcium carbonate content of sediments to 
salinity of the surface wafer.— Salinity appears to bo an important factor in 
the deposition of calcium carbonate in manno sediments. A statistical studv 
of 3,000 samples from all parts of the world shows that temperature and depth 
of water being constant, the carbonate content of the dcpositB varies with the 
salinity of the surface water. Sediments accumulating m regions m which 
the suHace salinity is less than 34 parts per thousand, as a rule contain little 
carbonate and those formmg in areas m which the salmity is greater than 35 
parts per thousand generally contain considerable carbonate. The critical 
salinity is about 36 parts per thousand This relation holds for both near- 
shore and pelagic sedunents, but pelagic deposits for given salimties contain 
more carbonate than do near-shore sedunentB. 

Temperature and depth of water appear also to influence the deposition of 
carbonate, but the effect of surface temperature and of depths less than 1600 
fathoms seems to be lem than that of salinity. In pelagic areas, depths 
greater than 1600 fathoms probably affect the carbonate content slightly more 
than does sahnity 

Carbonate depomtion almost certainly is mfluenoed to a considerable 
extent by the activity of living organisms, but this phase of the problem was 
not investigated particularly. However, ff organisms are the dominant factor 
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in flurbonate deposition, it eeemB evident from the data compiled that their 
activity to some, and perhaps to a considerable, extent depends on salinity, 
espeeiallv on variations between 34.6 and 36.6 parts per thousand. 

The chief geologjo interpretations of the data presented in this pi^ are 
(1) that if a recent marine sediment contains less than 2 per cent CaCCX the 
ol^oes favor its having been deposited in brackish water or in a region of 
subnormal salinity; and (2) that if a sediment has more than 60 per cent 
carbonate, that is, d it is a limestone-forming deposit, it probably accumulated 
in water having a salinity greater than normal. These generaluations indicate 
probabilities in the sense of mathematical odds. I^at is, if 100 random 
samples were chosen, considerably more than 60 of them would accord with 
the generalisation expressed. However, not all of the hundred samples would 
agree with it; because salimty is only one of several factors affeotmg the 
accumulation of carbonate, and in any individual environment it is possible 
for other factors to mask the influence of salinity. 

If carbonate deposition in the geologic past was governed by the same 
conditions as at present, climate in some plat^ may have played an important 
part in the deposition of carbonate. For example, in some epicontinental 
seas whether or not the deposits would be calcareous might depend to a con- 
siderable extent upon whether the loss of water by evaporation was greater 
or lees than the addition of water by rainfall or from land. That is, alterna- 
tions between limestone and shale or between calcareous and non-calcareous 
shale in some places may have been caused more by chan^ in climate than 
by shifts of strandline. This hypothesis is not presented as indicating the 
general rule, but as only one of the factors to be considered in the interpreta- 
tion of the conditions of deposition of sediments of past geologic age. [AiUk- 
or’a abstract ) 

Discussed by Messrs. R. C. Wells, Vischer, Schairrr, Parker, Bram- 

LBTTK, WOODRINO, RUBEY 


486th meeting 

The 486th meeting was held at the Cosmos Club, February 10, 1032, 
President Matthes presiding. 

Program: W. D Johnston, Jk.: Structure of the Orarni Valley hatholxth, 
Cal^omta . — A small granodionte batholith — 5 miles long and J to 2 mUes 
wide — on the western slope of the Sierra Nevada Mountains offers unusual 
opportunity for structural study by moans of the extensive mine workmgs 
wUch penetrate the intrusion to a vertical depth of 3700 feet below the sur- 
face and follow vein fractures underground for over two miles along tJie strike 
Lindgren, Howe, and Knaebol have described the Grass Valley gold quarts 
deposits and considered the structural relations as a whole. 

With the exception of the Idaho-Maryland group which are localized by 
the serpentme-diabase contact in the host rocks, the veins are roughly parallel 
with the margins of the batholith and the principal veuis dip into the grano- 
diorite at an average angle of 36 degrees. A second set of veins, less m number 
and in gold values, form a conjugated system with the former. All measur- 
able displacements on the veins are thrusts. Together the two senes of veins 
define ^e planes of maximum shear resultmg from compressive stresses 
operating along a honaontal axis normal to the long axis of the batholith. 
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A series of almost vertical fractures, locally called “orossingB” of apmxl- 
mately the same ace as the vem fractures strike in the northeast quadrant, 
transverse to the Tone of the batholith. Many of these fractures are 
occupied by acidic and basic dikes. 

In the mechanical conception of igneous intrusives develop^ by Cloos the 
veins occupy marginal thrusts and the conjugated back-dipping shear plane 
and the “crossings” are tension or q cracks. 

If the original mechanical system be viewed by means of a strain ellipsoid 
the aids of maidmum pressure lies in a horiaontal plane normal to the long 
axis of the batholith, the intermediate pressure axis is horisontal and parallel 
with the long axis of the batholith and the axis of minimum pressure is vertical. 

Prior to quartz minerabzation the vertical tension cracks were closed and 
subsequent rebef from compressive stresses was upward, resulting in the open- 
ing of the vein fractures for the deposition of quartz. {Avihor'a abatraet.) 

Discussed by Messrs. Ferguson, Ray, Hewett, and L H. Smith 

W H Bradley biroatim aurfacea on the north flank of the Uinta Mountaina 
—Long remnants of the Bishop erosion surface capped by the Bishop con- 
glomerate extend northward from the north flank of the Uinta Range. This 
surface which rises from an elevation of about 7,300 feet out in the basin to 
nearly 13,000 feet near the crest of the range is interpreted as a pediment 
form^ under an and or scmi-and climate by the lateral corrasion of a group 
of graded streams controlled by a common base level The Bishop conglom- 
erate 18 interpreted as a deposit formed in response to a shift in climate to- 
ward greater andity than prevailed while the underlying surface was bemg 
cut. 

About 400 to 600 feet below the remnants of the Bishop pediment are 
remnants of another podunont fonned in essentially the same manner. This 
18 the Browns Park petbment or surface, remnants of which are covered by 
the Browns Park format ion at the cast end of the Uinta Range The Browns 
Park and Bishop surfaces were formerly thought to be equivalent, but the 
Bishop surface has now been traced eastward and correlate with the nearly 
level top of Cold Spring Mountain which in turn lies about 500 feet above an 
undisturbed remnant of tlie Browns Park surface. Thus the Bishop conglo- 
merate IS older than the Browns Park formation whose age is now regarded 
as late Miocene or early Pliocene 

After the deposition of the Browns Park formation the east end of the Uinta 
Range collapsed Into this graben the Green River was diverted, probably 
by a combination of piracy and warping. It then flowed on the uppermost 
b^s' of the Browns Park formation and apparently was soon thereafter cap- 
tured by the headward erosion of a tributary to Pot Creek which drains 
Summit Valley. This capture diverted it so as to flow across the main Uinta 
Range along the site of Lodore Canyon. Heretofore the course of the Green 
River through Lodore Canyon has been regarded ns superposed from the 
Browns Park formation. {Author’s abatraet.) 

Discussed by Messrs. Mattheb, Sears, and Alden. 

Hugh S. Spence (Mines Branch, Department of Mines of Canada): 
Pitchblende deposits at Great Bear Lake, Canada 

Discussed by Mr. Hess. 


486th ubbting 

The 486th meeting was held at the Cosmos Club, February 24, 1932, Presi- 
dent F. E. Matthes presiding. 

Informal communicaliona: Mr. D. F. Hewett read a letter from Chester 
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WaahbuTDe who suggested the generahzation that normal fault surfaces are 
concave toward the downthrown side (the active side) in regions of igneous 
activity and concave toward the upthrown side (the active side) in regions 
remote from igneous activity. 

Discussed by Messrs. A. Keith, J. C Rai , and P. J. Shknon. 

Program: N. H. Darton: Some Algonktan strata in Arizona and adjoining 
regions . — The punxisc of this paiicr is to show that most of the strata of the 
Apache group of central Arizona are iinconformably overlain by scdunents 
containing fossils of Middle and Upper Cambrian age and are very closely 
similar to the Unkar and Cliuar groups of the Grand Canyon. The strati- 
mphic succession in the two regions is, however, somewhat dissimilar 
The Dripping Spnng quartzite and associated shale and conglomerates and 
the overlying Mescal limestone which constitute a large part of the Apache 
^up have all the sinking characteristics of the Shmumo quartzite, Bass 
lime^ne, and red Hakatai shales, of the Unkar group as exposed in the Grand 
Canyon. The peculiar intnisive diabase sills conspicuous in both areas are 
remarkably alike. I'hcy are all pre-Combnan and have causeil the develop- 
ment of crysotile Ixnhes in cerium impure members of both the Mescal and 
Baas limestones which they invade These two formations contain a large 
amount of algal matenal, which accordmg to recent observations by Rcsser 
and Stoyanow also occurs in abundance m some members of the Chuar group. 
The Mescal limestone, which is an important ore carrier m the Old Doinmion 
Copper Mme at Glolie, is overlain m many places by a thin flow of vesicular 
basalt similar to those in the Chuar group. This is overlain unconformiibly 
by sandstone with local conglomerate containing fragments of the old lava 
11118 overlying sandstone, which is the Troy or top formation of the Apache 
group, has jnelded Cambrian fossils which will soon be described by Dr. 
Stoyanow of the University of Anzona He has found them not only in the 
upiicr member in which I discovered the Abngo fauna some years ago, but 
also in the lower beds where in places they are of Middle Cambrian age. The 
relations of these sandstones vary in different parts of the region but to the 
southeast they have been traced into the Bolsa quarztite which underlies the 
Martin (Devoman) limestone. It is now projioscd to limit the application of 
the term Apache group to the Mescal and underlying strata. 

The Millican formation in the region about Van Horn, Texas, with its dia- 
base intrusions, algal limestones, retl shale, and quartzites is somewhat 
similar to the Apache group. The Lonona quartzite m Vranklm Mountains 
near El Paso with its diabase intrusions also presents features of resemblance 
and sinulanty of history to the exposures in Arizona I'he MaZtitzal and 
some other quartzites in Anzona and New .Mexico an probably earlier. 
(AutAor’s abstract ) 

Discussed by Messrs Uebser, Hkwett, and King. 

Ernst Cloob. Is the Sierra Nevada bathohth a batkolith'^ —A structural 
survey of the Sierra Nevada bathohth, between Mono J^ake and the Mother 
Lode, was earned out in 1930-1931. The methods applied were those described 
by Hans Cloos, Robert Balk and others. 

The Sierra Nevada intrusive body was found to bo a composite mass, of 
which the components show their own structural individuality. The first 
intrusions took place along tectonic or stratigraphic boundaries; the follow- 
ing ones preferred the boundary between previous intrusions and the wall 
rook. The contacts usually dip steeply, generally under the bathohth, but 
near Mariposa, the inward dip is only 30 to 40 degrees A very intense flow 
structure follows the contacts, closing to an arch or dome m the center The 
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dmiog Its rise dong the eontaets, Joint fens mee fonned at a latar stags. 
Indiot^iiig the eonttnuaDoe of tiie upward movement during eonsoUdaithm m 
the magma. Marginal thrusts along the eontaets effected an upward etooga* 
tion of the mai-giTw. Thrusts, foUo^g the Mother Lode Zone were fonM 
in a siinllar wav and indicate a oloee ruaticmsfaip between the Motiier Lode 
struoture and the batholithio intrusion. 

No signs of (Uflerentiation in the present magma ohambv were found. All 
partial intrusionB show dear eontaets and a pure compoBition from <Mie eon^ 
taot to the other. Differentiation of these magmas must have taken plaoe 
in greater depths. No assimilation contacts, sipiB of convection euirents^ or 
traces of sinking blocks were observed. 

To judge from the available data, the Sierra Nevada batholith does not 
seem to be a true batholith, in the sense of Buess or Daly. A sucoession of 
intrudons, beginning in the area of the Mother Lode Zone, opened and gradu- 
ally widened a gap. The first intrusions preferred stratigraphic or tectonio 
bo^darles. Those following took advantage of the boundaries between 
previous intrusions and the wall rook. 

The regions of uniform internal structure grew gradually with increasing 
rigidity. The achlvertn dome is overlapped by an arch of flow lines. The 
latter is overlapped by Joint fans. As the rigidity increased, regional joints 
became more and more important, until finally the whole area between 
the eastern fault and the Mother Lode reacted as one block. {Author^* 
dbatract.) 

Discussed by Messrs. Matthbb, FsaatmoN, and Cloob. 

J. F. ScHAiRiBB and W. H. BsAonKr, Secretariet. 


SCIENTIFIC NOTES AND NEWS 

At the dinner of the National Academy of Sciences on April 20, the Mary 
Clark Thompson Medal was presented to Dr David Whitk, U. S Geologiciu 
Survey, the presentation address being made by Professor Wiluau B Scorr, 
of Princeton University 

The John Price Wethenll Medal has been awarded by the Franklin Insti- 
tute to Dr Frank Wenneh of the Bureau of Standards "in consideration of 
his ingenious design of a recording leleseismograph of superior performance." 
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PERSONNEL ADMINISTRATION.-iSome ospert* of the claeaifi- 
cation of profemonal and ecieniific poaitiona^ Wm. H. Mc- 
Rbtnoldb, Personnel Classification Board. (Conununicated by 
Hugh L. Dbyden.) 

In 1023 Congress passed an act to provide for the classification of 
civilian positions in the Government service in the District of Colum- 
bia on the basis of their duties and responsibilities and for the alloca- 
tion of such positions to the appropriate levels of the compensation 
schedules prescribed in the act. The law defines the general stand- 
ards by which positions are to be evaluated. An administrative 
agency, the Personnel Classification Board, is charged with measuring 
individiml positions in terms of these standards and allocating them 
to their proper places in the classification plan. 

The Classification Act groups related types of work, across organiza- 
tional lines, in broad divisions known as “services.” Positions now 
under the Classification Act of 1923 are grouped in five services: The 
Professional and Scientific Service; the Subprofessional Service; the 
Clerical, Administrative, and Fiscal Service; the Ciistodial Service; and 
the Clerical-Mechanical Service. The Professional and Scientific 
Service contains somewhat over 6,000 departmental positions allo- 
cated in nine grades or zones of difiiculty and responsibility, with 
salaries ranging from 22000 to $9000 and above. 

Tlie variety of professional, scientific, and technical positions in 
the Goveniment service is surprising, invariably so to one not familiar 
frith the service as a whole. There positions embrace practically 
every bruich of subject matter covered by university curricula and, 
moreover, many branches peculiar to the public service. In addition 

t BMeiv 0 d April 20, 1032. This paper, which was ongmolly preMoted before the 
■eieBtUe group of the Department of AsTiculture, ia believed to be of intereet to mem- 
ben of the Academy. 
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to this wide scope of subject matter, tbe prof^onal and soientilio 
positions are as a group characterised by a considerable variety of 
functional applications of the same subject matter. For example, in 
one of the agricultural sciences we may note functions of research, 
regulation, or demonstration and extension; and in engineering we may 
observe project-investigation, design, construction, inspection, test- 
ing, research, and operation, as well as administration and regulation. 

In view of the variety and scope of professional and technical po- 
sitions, it is clear that without certain principles of classifioation to 
guide us in evaluating and interpreting the facts about individual po- 
sitions as they are presented to us from day to day, we could not even 
closely approach the goal of allocating these positions uniformly in 
the various grades. The basic principle of the Classification Act 
seems very simple. It is that all positions are to be classified or allo- 
cated on the basis of the importance and difficulty of their duties and 
responsibilities. Yet there is a corollary to this that is occasionally 
misunderstood, even today. That corollary has to do with the rel^ 
tionship of the qualifications of the present incumbent of a position to 
the allocation of that position. 

Confusion on this score always arises when a grade allocation is 
thought of, not as an appraisal of the position occupied by an em- 
ployee, but as an appraisal of the employee himself. It is easy to see 
why some professional and scientific workers might accept this as the 
orthodox idea, because of the emphasis placed by scientific individuals 
and societies upon the qualifications, standing, and accomplishment of 
the individual, the actual position occupied being regarded as merely 
one item of evidence pointing toward the achievement of the employee. 
Following the same line of thought, it would be natural, then, to think 
that the purpose of an allocation is to recognize the employee’s achieve- 
ments over a long period of years and his present standing in his pro- 
fession, without analyzing closely the tasks or the responsibilities of the 
employee in the Government service at the time the allocation is being 
considered. The emphasis, however, should be in the other direction. 
The allocation is a recognition of the current tasks and responsibilities 
of the employee, and if it has so happened that these tasks and respMnsi- 
bilities have been assigned to him or have gradually developed braause 
of his professional standing and ability, then in a certain sense it rec- 
ognises him also; but the allocation is an appraisal of the position, not 
of the employee. We sometimes speak in everyday parlance of a 
P-6* chemist, or a P-6 engineer, but what we mean is that here is a 

• This is a symbol representing grade 5 of the Professional and Soientiflo Serrlee. 
Grade 1 is the loweet grade of this semce and grade 9 the highest. 
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dwmui ^ibo is occupying a P-5 position or an engineer who has a 
positioB of F-0 level As a matter of fact, it is readily conceivable that 
a chemist who has P-6 qualifications may be assigned to a P-3 po- 
sition, because, for instance, no other assignment is available. He 
would then be a P5 chemist on a P-3 position and would consequently 
receive a salary within the P-3 range. Considering the matter 
broadly, two things have to coincide in order for an employee to 
receive a salary within the range of a particular grade. First, (this 
is the item which is occasionally lost si{^t of) he must be assigW to 
work of that grade; and second, he must possess at least the minimntn 
qualifications for that grade. Obviously a college graduate assigned 
to simple clerical work would not receive a P-1 salary. This illustrates 
the familiar statement that the Classification Act provides for a clas- 
sification of positions and not for a classification of the employees 
occupying them. 

In order to appreciate the significance of this statement, it is neces- 
sary to realize that in personnel administration — not only in the Gov- 
ernment service, but generally — a sharp distinction is mcide between a 
position and an employee. A position is composed of one or more tasks 
or assignments that are to be performed by a single individual. It 
comes into existence through the action, authorization, or permission 
of the head of the department or establishment in which it is located. 
It may be occupied or vacant. It is characterized by its duties and 
responsibilities, and so long as these criteria remain the same, the po- 
sition remains the same regardless of the fact that it may be occupied 
by different employees at different times. A position often exists be- 
fore it is occupied by any one and it does not necessarily cease to exist 
when its incumbent is separated from it. When its duties and re- 
sponsibilities materially change regardless of the cause of that change, 
it is a different position, calling perhaps for a different classification 
or allocation. Such a change may take place because of a division or 
merger of two or more positions, or because of a gradual development 
of the position caused by the growth of the employee himself. In this 
last situation the change generally takes place so unperceptibly that 
it is necessary to emphasize that the former position has been trans- 
formed into another one of different characteristics, the former one 
usually, but not necessarily, being regarded as having disappeared. 

One of the considerations aiding in the classification of a position is 
the qualifications required of any incumbent for the performance of 
the dutios and the diMharge of the responsibilities involved. Quali- 
fication requirements are inferences drawn abstractly from the informa* 
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tiom as to the duties and raqxmaibilities, and to state them is one 
method of indicating how difficult or complex these duties and re- 
qx>nsibilities are. Simple duties require little training and experience. 
Difficult duties require longer truning and experience and demonatrap 
tion of definite attainments. Statements of minimum qualifioatkms 
to be required of any future incumbent of a given class of positions are 
particularly enlightening in considering the allocation of newly-oreated 
positions or vacancies. Their value lies in the fact that they have a 
generic significance, not a significance dependent solely on the quali- 
fications of one person. 

The difficulty is that many persons confuse the concept of qualifica* 
tions required for a position— whoever the incmnbent may be — with 
the actiial qualifications possessed by some particular incumbent. 
Sometimes the incumbent possesses less than the required qualifica- 
tions. That may be a mistake in assignment, but the allocation of 
the position should not be lowered so long as it is a fact that he is 
doing the work upon which the allocation was granted. Sometimes 
he possesses more than the required qualifications; but the allocation 
of ^e position should not be raised unless and until the duties and 
responsibilities of the position have substantially increased — a phe- 
nomenon which may be due to these higher qualifications or to any 
one of a number of other causes. 

The fact is that duties actually performed and responsibilities ac- 
tually exercised are the characteristics that serve as the basis of clsssi- 
cation; qualifications that incumbents may happen to poraess or lack 
do not determine the classification of their positions, although such 
possession or lack may be the reason why the duties and responsibili- 
ties are such as they are. 

It is according to these principles that a position and its incumbent 
are regarded as separate and distinct for classification purposes, al- 
though, at the same time, it is recognized that one may have a strong 
influence on the other. In that part of the administrative organisa- 
tion of the Government which deals with central personnel manage- 
ment, there is a separation of function and authority along these same 
lines. It is the department and the Civil Service Commission that 
have the authority to appraise the employee and to designate him 
as eligible for a position of a particular gjade. In a certain sense such 
action would be a classifioation of the emifloyee and not of the position. 
With that decision the Board has nothing to do. It is its authority 
to appraise the position. Its jurisdiction is to see whether the position 
in question is composed of tasks or assignments of the requisite im« 
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porta3u», difficulty, and responaibillty to oharacterise it as properly 
belonging in the gnule recommended by the department; if so, the 
Board approves that grade; if not, the Board determines the grade 
which in its judgment is the correct one. 

As was mentioned a moment ago, although the Personnel Classifi* 
cation Board is required to appraise positions and not the qualifies- 
tions of their incumbents, it is easily apparent that the qualifications 
an emplo 3 ree may possess or lack can, and many times do, infiuence 
the character of the duties and responsibilities he is authorized or 
permitted to assume. In no type of work is this more frequent than 
in the field of scientific research. In administrative positions the 
responsibilities and the duties usually are somewhat more closely 
de^ed. There is not, as a rule, so large an opportunity for the growth 
of the position. In fact, some administrative positions are so cir- 
cumscribed by law or administrative regulation as to render their basic 
characteristics only slightly responsive to the personal accomplish- 
ments of the incumbent. In the higher-grade research positions, 
however, it is almost invariably true that as a scientist develops, his 
position is allowed to develop with him, towards the final situation 
where the limits of its duties and responsibilities coincide with the 
limits of his own capabilities. 

This leads us to another phase of classification that holds consider- 
able interest for the professional and scientific group. That is the 
relationship between the allocation of administrative or operating 
p(witions and the allocation of research positions. 

In view of the direct benefits of research to progress in the industrial 
and agricultural arts, it is, of course, true that national governments, 
in this country and elsewhere, recognize the advantages of research 
as a public fimction and encourage and foster it through appropria- 
tions from the public treasury. So we find, in the structure of our own 
Government, positions having the conduct of research as their main 
objective. These range from the junior positions with responsibility 
only for certain routine tests or determinations to the positions having 
as their main characteristic the rendering of service of unquestioned 
authoritativeness in a given branch of science and the maintenance of 
the Government's prestige in that branch. 

As between pure and applied science and as among the various 
branches of science, no distinctions were manifested in the definition 
of the grades in the Classification Act. There was no indication that 
Congress intended to discriminate, for example, between work having 
as its immediate result the direct alleviation of human disease and 
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Buffering, and work tiie immediate result of which might be, for the 
time being, only an extension of the boundariea of knowledge. Aa a 
matter of fact it would have been unwise, even if it had been praotioal, 
for Congress to attempt such a distinction, for the history scienoe is 
replete with instances where research for knowledge for its own sake 
has paved the way for outstandii^s benefits to the people. 

As between research and administration, however, the original 
Classification Act of 1923 drew specific parallels in the fourth and fifth 
grades of the Professional and Scientific Service, which consisted of 
but seven grades at that time. These parallels indicated clearly that 
up to and including the P-6 grade, which then carried a salary range of 
$6200 to $6000, individual scientific research was intended to go hand 
in hand with administration of professional and scientific organisar 
tions. After that, the Classification Act indicated, administration 
was to proceed alone except for the company of exceptional consulta- 
tion service to the head of a department. Accordingly, during the 
first few years of classification administration, P-6 was generally re- 
garded as the ceiling for individual research. The Board made a few, 
but relatively very few, allocations of individual research positions to 
grades higher than the old P-6. 

Under the Welch Act, in 1928, an extra grade was added to the pro- 
fessional levels within the Board’s allocating authority, and under the 
operation of that Act there was to a certain extent a reappraisal of 
positions from P-4 onward, with an upward shifting of values. These 
changes in the upper levels had as one of their specific effects the libera- 
lizing of standard of allocation for research positions. Since that 
time, P-7, carrying a salary range of $6600 to $7600, has been generally 
regarded as available for the allocation of research positions that are 
sufficiently unique and outstanding from a national or international 
standpoint to warrant special recognition. This, it may be added, is 
the foundation for the language used by the Board in defining grade 
P-7 in the classification bill recommended last year to Congress as a 
result of the field survey. The terms of the definition of P-7 in this 
bill specifically place on a parity the three functions of research, prac- 
tice, and administration in professional, scientific or technical work. 

It is, of course, already a familiar fact that in certain organization 
units within a bureau, it is not unusual — in fact, in some places, rather 
common — to have research positions in a division allocate in the watna 
grade as the head of the division. This comes about in those instances 
where the uujUvidual research work concerned is of such a nature that 
supervision hnd review in the customary sense do not exist and that 
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the research worker is, as to the technical aspects of his work, virtually 
independent of the organization structure. 

Generally speaking, it is the consensus of opinion in the professional 
and sdentifio group that the road of advancement open to the inde- 
pendent worker — the specialist in pure research — should be as long 
as that which is provided for the worker in applied science or for the 
official charged with the responsibility for administrative or operating 
activities. Although there may be differences of judgment as to what 
in individual research work constitutes a parity with a certain set of 
administrative responsibilities, and therefore differences of judgmentfis 
to how far the idea should be applied, no one can quarrel very mu6h 
with the spirit of the principle itself. 

The Classifioation Act and its amendments have recognized this 
principle almost in full measure, even though legislation has not yet 
been amended to the point of recognizing that individual research 
workers in any one of the more outstanding bureaus of the Govern- 
ment may be allocated to the same grade as the head of that bureau. 
It may thus be said that except as to the highest grade to which the 
Board is authorized to allocate positions, i.e., P-8, the assumption of 
administrative responsibility is not a prerequisite for any grade. I 
think it will be agreed that this relationship in the Government Ser- 
vice between the allocation of individual research positions and the 
allocation of administrative positions is certainly as favorable to the 
individual research worker as is the corresponding relation in the 
large corporations of private industry between the salaries of its scien- 
tists and those of its highest executives. 

PALEOBOTANY . — A new Palm from the upper Eocene of Ecuador.^ 
Edward W. Berry, Johns Hopkins University. 

The specimen which it is the purpose of the present note to describe 
was sent to me by Dr. George Sheppard of Guayaquil, Ecuador, and 
was collected from the upper Eorone of the Ancon district, Santa 
Elena peninsula, Ecuador. It is splendidly preserved as a calcifica- 
tion, and is undoubtedly a new species of palm fruit, and appears to 
belong in the genus Astrocaryum Meyer. It may be described as 
follows: 

Astrocaryum sheppardi n. sp. Berry 
Fig 1. 

Nut fairly large for this genus, elongated, shghtly asymmetric, min^ at 
both ends — less sharply so proximad. Len^h 7.5 centimeters. Maximum 

I Reeaived April 12, 1032. 
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dlsmetor 3.03 oentimetera. Minimum diameter 3.65 oeotiineten. This 
alight departure from a oiroular oroee aeotion mav be natoral or it may be 
due to a alight amount of deformation during foeslllsation. Qerminating 
pons three m number, round, about 6.25 milllineters in diameter, situated 
unusually hit^ above the base— the distance ranahiS from 3.1 to 3.4 oenti- 
meters, alightiy higher on the more inflated aide of the fruit. The contoura are 
rather more atral^t below the pores and more inflated and rounded above 
them. The surface is cornigated by irr^ular disconnected (interrupted) 
longitudinal ribbing, which is more pronounced proximad. 

The Identifloation of palm fruits, either fossil or recent is about as baffling 
as is the identification of palm wood, not because the fruits are not Character- 



Figure 1 —(a) ii«(roearvum iheppardi from the inflated side —(b) Equatorial profile 
—(c) View of side showing two of the germinating pores. 


iatic, but because specimens of the fruits of recent species are not available in 
collections nor are they particularly well described by systematic botanists 
even when known and often they rranain unknown. Ordinarily paleobotan- 
ists evade this difliculty by referring fossil palm fruits to the purely form 
genus Palmocarpm, propos^ by Lesquereux in 1878, and now containing up- 
wards of thirty nommal species from different parts of the world. About 
half of these are from the Eocene of the United States. Others come from 
Panama, the Antilles, Ecuador, and Peru. They obviously have slight 
qrstematlc value unless they show definite reeemblwces to existing genera. 

The genus Attrocctryum, to which the present species from Ecuador is 
referred, includes stemless to taU feather pahns and contains about thirty 
existing species. These are exclusively American and range from southern 
Mexico to eastern Peru, reaching m*Timiiin development in the rain 
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fonate of the AznAson buin, although they are also found In the Braiillan 
CampoB. They are not eqjedallyooaBtaltypeB but their frulta are oonunon in 
the beach drift of both eoaatB of tropical America, occurring on the beaches of 
the Pacific coast as far south as Punta Parinas, and here derived in all prob* 
aUUty from the Guayaa estuaiy by the action of small inshore counter cur- 
rents, althou^ it is conceivable that they might occasionally be brought 
down to the sea from the head waters of the Tumbes or Chira ^vers. How- 
ever, their occurrence abng the north Peruvian desert coast associated with 
unfilled and hence floatable nuts of the Ivory palm would indicate that the 
former origin was the more likely. 

No other fossil species of Aatrocaryum are known to me. A few years ago 
I described specimens of fruits from the Oligocene of Peru which I referred to 
that genus,* but subsequent collections proved them to belong to the related 
genus Attalea H. fi. K ,* which has atout as many existing species and a 
somewhat similar geographical distribution. The fruits of the latter, how- 
ever lack germinating pores and hence can be readily discriminated from the 
fruits of Aitroearyiun when the material is well preserved. 

The geological section on the Santa Elena peninsula of western Ecua- 
dor is much like that so thoroughly described by Olsson and Iddings 
in the northwestern coastal region of Peru, and the older Tertiary of 
the two regions has already yielded a number of identical fossil fruits. 
This number is likely to be much increased by more detailed collecting 
in the Ecuadorian region. 

• Berry, E. W , U S Nat Museum Proo 70: Art. 3 1926 

* Berry, E. W , Pan Amer. Geologist, 81: 242, fige. 4-10 1029. 

ENTOMOLOGY. — Four new North American spectea of Bassus Fabri- 
cius {Hymenoplera, Braconidae), with notes on the genotype.^ 
C. F. W. Mxjesebeck, Bureau of Entomology. (Communicated 
by Harold Morrison.) 

In my treatment of the Nearctic Braconinae* T briefly summarised 
the situation concerning the status of the names Bassus Fabr. and 
Microdus Nees. The two being isogenotypic and Bassus the older 
luune, Microdus must be suppressed. The continued European usage 
of Microdus for this group in the Braconidae and of Bassus for an 
ichneumonid genus evidently is due to a disregard of first genotype fixa- 
tion, and to the acceptance of Westwood’s designation (1840)* of 
Bassus laetatorius Fabr. as type of Bassus, no notice being taken of the 
designation of Ichneumon ealculcUor Fabr. by Curtis* in 1825. 

> BMCived April 26, 1982. 

• Proo. U. S. Not Miu. SB: Art. 16, 1927, 73 pp. 

' Intr. Mod. Claw. Ina. I: 80. Oen Syn 1840. 

* Brit. Ent. S: 73. 1826 
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BASStTB CALGITLATOR Fabrioius 

JeftneumonealeiJator Fabridus, SuppL Entom. Byaton., 1708, p. 336. 

Boitut eaieulator Fabridua, Syrt. Piei., 1804, p. 98. 

Since thU epedee was only veiy briefly oharaoterised by Fabridus, and 
since subsequent descriptions by other authors apparently have been based 
merely on material identified as calculator and not on the type, which is in 
the Natural History Museum at Kiel, Germany, the follow!^ notes taken 
from the type specimen are included here: 

A female spedmen labeled “21 calculator.” Agrees with the characterisa- 
tion of Baaeua in my paper on the Braconinae to which reference has already 
been made. 

Length, about 6 mm. Face not rostriform, broad, smooth; antennae miss- 
ing; temples narrow, receding; frons immarnned; ocelli sm^; mesosoutum 
polished; notauli sharply impressed; scuteUar furrow rather broad, with 
several foveae within; scutellum smooth; propodeum convex, closely rugulose; 
mesopleural furrow curved, foveolate; metapleura mostly smooth; areolet 
(second cubital cell) triangular, sessite; nervulus very slightly postfurcal; 
mediella a little shorter than lower abscissa of basella; subdiscoidefla not dis- 
tinct; abdomen scarcely as long as head and thorax combined; first tergite 
broadening gradually behmd, longer than broad, shallowly but distinctly 
striate, without prominent longitudinal keels; a httle faint longitudinal 
sculpture at base of second; remainder of dorsum of abdomen smooth and 
shining; ovipositor sheaths very nearly as long as body Head black; thorax 
black, with pronotum, mcsosculum, scutellum, and mesopleura anteriorly, 
red; abdomen black; anterior and middle legs yellowish, their coxae piceous; 
posterior legs blacki^, base of tibia yellow; wings weakly infumated, with a 
nyahne area across discocubital cell and extending into second discoidal. 

BassuB petiolatuB, new species 

Closely rcaembhng cali/amicus Alues , but distinguishable by the more 
rostnform face, weakly sculptured propodeum, mostly reddish or reddish 
yellow abdomen, and more slender legs. 

FcTwite.— I^icngth, 6 mm. Head strongly produced below; malar space 
nearly as long as eve and nearly vertical; clypeus long, less than one and one- 
half times as broad as long; a low ndge on frons between antennae and below 
median ocellus; temples narrow; ooell-ocular hne not quite twice diameter of 
a lateral ocellus and shorter than postocellar line; labial palpus very slender, 
third segment nearly half as long as second; antennae 32-segmented, a httle 
shorter than the body. 

Thorax with notauli sharply impressed, finely punctate, mesonotal lobes 
and scutellum smooth; scutellar furrow foveate; propodeum strongly convex, 
without cannae, punctate, nearly smooth medially; sides of pronotum, and 
mesopleura, polished; mesopleural furrow long, nearly complete, finely foveo- 
late; metapleurum punctate; radial cell on wing margin only about one-third 
as long as stigma; areolet minute, long-petiolate; mediella about equal to 
lower abscissa of basella; posterior tibia unusually slender on basal half, 
scarcely thicker at middle than at base, but distinctly enlarpd spically; longer 
calcarium of posterior tibia hardly more than one-third as long as metatarsus. 

Abdomen narrower than thorax; first tergite more than one and onfi4ialf 
times as long as broad at apex, without longitudinal keels, and nnooth and 
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nhintng except for a little faint reticulation medially; remainder of abdomen 
poliahed, second tergite longer than third and with a very weakly indicated 
curved transverse impression at middle; ovipositor sh^ths slightly lonpr 
than body. 

Head and thorax black; abdomen reddish yellow, with first tergite more or 
lees bladdsh; win^ uniformly infumated; legs mostly yellov^; coxae black 
or blacldsh ; posterior tibia mostly infuscated, with a pale yellow streak on mnpr 
side just before middle; middle and hind tarsi blacki^. 

Mole. — Essentially like the female; antennae of allotype also 32-segmented; 
posterior coxae red. 

Type-locality. — Alamogordo, New Mexico. 

T^, allotype, and 10 paraiupes in Academy of Natural Sciences of Phila- 
delphia, 11 paratypes in U. S. Nat. Museum (No. 44081, U. S. N. M ). 

Ei^t females and fifteen males collected in April and May, 1^. The 
paratypes exhibit some color variation, pronotum and mesonotum sometimre 
becoming more or less testaceous, abdomen occasionally dark reddish rather 
than reddish yellow, and, rarely, all coxae brownish yellow. 

Bassus parvus, new species 

Most similar to annvltpea (Cress.), but differing especially in the black 
coxae, the lack of longitudinal cannae on propodeum, shorter antennae, 
stron^y oblique areolet of anterior wing, more compact abdomen, and smaller 
size 

Female. — Length, 2.4 mm. Head, as seen from in front, very short and 
broad, malar space short and very strongly inclined inwardly; eyes large; face 
much broader than long; third segment of labial palpus minute, scarcely 
discernible; antennae about as long as body, 2fi-segmented; temples swollen 
opposite middle of eyes; entire head polished. 

Thorax a little narrower than head; mesonotum smooth and shining; 
notauli weakly impressed, punctate posteriorly, scarcely distinct antenorly; 
propodeum punctate-rugulose without distinct carinae; mesopleunim pol- 
ish^, Its furrow straight, indistmctly punctate; motaplcurum shining, 
rugulose behind; posterior coxae polished; areolet of antenor wing minute, 
strongly petiolate, and oblique; second intercubitus very weak; mediella 
distinctly longer than lower abseil of basella. 

Abdomen about as wide as thorax and scarcely longer; first tergite a little 
longer than broad, closely longitudinally stnate, without distinct keels; 
remainder of abdomen polished; second tergite with a shallow transverse 
curved Impressed line near middle; ovipositor sheaths slender, about one and 
one-half times as long as abdomen. 

Black; palpi piceous: all coxae black; all trochanters and femora brownish 
black; anterior and middle tibiae brownish; hind tibia blacldsh on apical half, 
yellowish basally, with an mcomplete dark annulus a bttle beyond base; 
wings hyahne; stigma and veins dark brown. 

MaU . — Like the female in essential characters; antennae likewise 25-eeg- 
mented. 

Type-locality . — Palo Alto, Califorma. 

rwpe.-No. 44082, U. S. N. M. 

Tf^ females and one male reared m the Bureau of Entomology by J. M. 
Miller {Hopkine 18244c), from an undetermined host infestmg Cupreseua 
macrocarpa. 
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Basnu rttkolatni, new spedee 

Very liinilar to perforator (Prov.), but eeparable by its ooanely nigoeo- 
letioulate propodeum, shorter antennae, which are umiaQy 20 to 22 segmented, 
and lonmr ovipositor sheaths, which are fully as long as ^ body. 

Fem^.— Length, 4 mm. Head rostriform, malar space nearly equal to 
esre hei^t, nearly vertical; third sMinent of labial palpus about half as long 
as second; frons smooth, immarginea; antennae but little longer than head and 
thorax combined, not tapermg apically, 21-segmented in type. 

Thorax deeper than wide; notauli wanting; mesonotum vertical in front; 
scutellum unmargined; prop^eum coarsely rugoeo-reticulate, with a sharply 
defined median longitudinal impression from base to apex; posterior lateral 
angles of propodeum prominent, and the posterior declivity rather abrupt: 
side of pronotum faintly reticulate; mesopleurum smooth, its longitudinal 
furrow smooth; metapleurum minutely punctate or granular and subopaque; 
areolet triangular, moderately large, short-petiolate; radial cell on wing 
margin more than half as long as stigma; mediella about equal to lower 
abadsaa of baaolla; posterior femora and tibiae short and stout. 

Abdomen about as wide as thorax and slightly longer; first tergite large, 
about as broad at apex as long, entirely fimly striato*granular, with two 
(nominent lonmtudinal keels on basal haJf; second and third tergites trans- 
verse, Bubequu, closely granular and suboi^ue, each provided with a com- 
plete transverse groove at middle that is crossed by numerous longitudinal 
raised lines; second suture foveoiate; third and follovring tergites smooth. 

Honey-yellow; antennae, mesostemum, and prop^eum except at apex, 
blackish; wings slightly brownish; 1^ mostlv reddish yellow; trocbanters, 
bases of anterior and middle femora, middle and posterior tibiae near base and 
at apex, and all tarsi, brownish black; second and third abdominal tergites 
with indefimte blacki^ markings laterally. 

Af ale.— Antennae 22-B^mented; othermse like the type. 

Typ*4ocaltty . — Southern Illinois. 

Ti^.— No. 44083, U. 8. N. M. 

Three females and one male collected by Charles Robertson. The antennae 
of both paretypes are 20-segroented and the thorax of one is entirely srellow. 

Banus brevicaudo, new species 

Most close^ resembles discolor (Cresson), but differs especially in its 
shorter ovipositor and entirely block head and thorax. 

Female. — Length, 3 mm. Head viewed from in front much broader than 
long, not rostriform; malar space less than half eye-height; antennae as long 
aa body, slender, 35<segmentKl; third segment of labial palpus short but di»- 
tlnot; irons polished, immargined; ooell-omilar line slightly longer than posto- 
cellarline. 

Thorax rather stout; mesoscutum weakly punctate; notauli sharply im- 
pressed throu^out; scutellum smooth; propodeum mostly hori:|ontu, with 
only a very wort posterior declivity, entirely closely rumlose but without 
carinae; mesopleura mostb^ smooth; mesopleural furrow long and distinctly 
foveoiate; metapleura shaj^ned, opaque; posterior coxae faintly shagreened 
and Bubopaque outwardly; areolet of fore wing small, triangular, subpetiolate; 
radial oeU on wing margin less than half as long as stigma; m^ella slightly 
shorter than lower absdm of basella. 

Abdomen scarcely longer than thorax, broadening gradually to apex of 
third segment; first tergite completely uniformly granumr and opaque, without 
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donal keeb, seecmd and third terntea much broader than long, aculpturod 
hke the first but more weakly, the third mooth at apex, fourth and following 
tergrtes polished, ovipositor sheaths not longer than abdomen, ovipositor 
derarved at apex 

Black, pah>i pale, leas mcluding all coxae testaceous, poetenor tibia pale 
yellowish, broadb blaw at apex and with an mcomplete bladosh annulus 
near base, middb tibia weakly infusoated at apex and near base, all tarsi 
more or less bladosh. wings uniformly brownish, second and most of third 
abdominal tergites reddish yellow, the foUowmg also reddish yellow laterally, 
ex<mt the last which is entirely blackish, venter of abdomen testaceous 
Type-localtiy — Jefferson County, W Va 
Type— No 44084, U S N M 
Hod — Coleophora maltvoreUa Riley 

Two females reared in June and July, respectively, 1931, by Edwin Qould 

ZOOLOGY — A new apeeies of Pasiphaea/rom the Straits of Magellan * 
Waldo L Schmitt, United States National Museum 
In the course of a brief review of the species of Pastphaea, I thought 
that the doubts that have been raised from time to time regardmg the 
true identity of Panphaea acutifrona Doflem and Balss, Mitteil Nat 
Mus Hamburg, vol 29, pt 2, p 27, fig 1, should be settled by recourse 
to the ongmal material Through the londness of Dr A Pannmg of 
the Zoologische Staatsmstitut and Zoologische Museum, Hamburg, 
Germany the speGimens were entrusted to me for study I find they 
represent an undescnbed species 

Panphaea doflelni, new species 

Panphaea acutifrona Doflem and Balss, Mitteil Nat Mus Hamburg vol 
20, pt 2, p 27 flg 1 (Not P acutifrona Bate ) 

A new qieciea of Panphaea with very slightly emarginate telson, and non- 
cannated carapace and abdomen 

The compressed carapace is very httle less than half the length of the 
abdomen and without a trace of a mid-dorsal canna, except as the back of the 
gastnc tooth itself may be called a short canna, the tip of that tooth falls short 
of the frontal margin The branchiostegal spme is situated before the angle 
of the smus and near the antenor margm of the carapace but does not seem 
to project beyond it, the branchiostegal smus is quite shallow 

The aeicle mclusive of the spme is nearly half the length of the carapace 
and exceeds the antennular p^uncle by about half the length of the last 
segment, the latter is about as long as the second and the visible portion of the 
first, before the eyes, taken together, the second jomt is about twice as long 
as the viable portion of the first, the basal jomt of the antenna cames a weU 
developed spme beneath 

Ihe meru jomts of the first pair of legs are unarmed on their inferior 
margins, as are th« ischia, the merol jomts of the second legs have seven 
spines bdow m the type but from an inspection of other specimens it appears 
that the count may vary from seven to ten, the basal jomts and the carpi 
of the second pair of legs are furnished at the mfero-distal angle with a sharp 

> Received May 7, 1033 Publubed by permueioo of the Seoietary of the Smithsomaa 
Institution 
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qrine : tiie earpus of the fint legs la miUo and may be einnewfaat produoed, 
Imt doee not approach the spiim-hke prooees of the eeoond oarpue eitiier in 
Bin or lengtL The distal margiN of the first or baaal joint (rf the antennular 
peduncle, the end of the anten^ peduncle, and of the carpus of the second 
pair of 1^ all attain about the same level ■ the first carpi, though approxi- 
mately Bubequal to the eeoond, reach a little farther forward, as do the first 
moral joints. These relative forward extensions vary in some of the sped- 
mens; in one, a specimen smaller than the one taken as the type, the m^ of 
the second legs attain the level of the distal margin of basal joint of the 
antennule and those of the first legs reach a little m advance of this point. 

In the type specimen the palm of the second legs is shorter than the fingers, 
pahn 4 mm. long; longer, fixed or immovable finger mm. long; the chelae 
of the first pair are missing. In the first pair of legs of a smaller specimen the 
fingers are subequal and a httle shorter than the palm, 3.2 mm. as compared 
to 4 nun. for the palm. 

Approximate meaaurementa of the type . — Carapace 15.2 mm. long; abdomen 
Inclusive of telson, 71 mm.; sixth abdommal somite, 8 mm.; telson, 7 mm. 
The type is in the Hamburg Museum 

Type locaUiy.—PuntA Arenas, now Magelhanes, Chile. 

Remarks— HhiB species is at once differentiated from P. aculifrona Bate 
and from P. faxoni Rathbun with which de Man thought it might prove 
identical, by the sharp longitudinal carination of the carapace, the more or less 



Fig. 1.— Pa«tpAa«a Outline of oarapace of type 

carinated abdomen, and the shape of the extremity of the telson which in the 
first named is distinctly forked and in P. faxoni forms a not very deep, yet a 
decided inverted V. 

P. forceps Milne Edwards, from the Straits of Magellan, though resembling 
P. dofleini m its non-carinated carapace, is sharply differentiated by its deeply 
cleft telson. 

From the spedes with which the present species might be conddered 
to have something in common, P. kaiwtensis Rathbun and P. n. sp.? {hUarvla) 
de Man, because of the very slightly emarginate telson and non-carinated 
carapace behind the gastric tooth itself, P. dofleini may be distinguished by 
the armature of the meral jdnts of the first and second legs. In the first named 
the menu of the first pair of legs is armed with two small spines below and 
that of the second with fourteen spines; in de Man’s “n. sp.f” for which he 
proposed the name hUarula if sustained as a distinct species, the first menu 
carries a single small splnule at about the middle of the ventral margin, and 
the second merus three well developed spines. 

P. emarginaia Rathbun, whose telson exhibits a comparatively shallow 
A-shaped notch, has the carapace quite sharply carinat^ for the greater 
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part iA its length and is anued with six to nine spines on the first menu, and 
sevoiteen to eightera on the second. These spines are not all of the 
siae, a few are quite small, and appear with increase in size of the specimen 
and age to become more or lees obsolescent and disappear, for m one fairly 
large spedmen I could count but four spines on the fi^ menu and eight on 
the second. 

MALACXDLOGY . — Tha tree anaile of the genus Cochlostyla of Mindoro 
Province, Philippine lalanda.*^ Paul Bartsch, United States 
National Museum. 

Recent sendings of splendid collections of land shells made by Sr. 
Pedro de Mesa in Mindoro Ihx>vince, Philippine Islands, have made it 
necessary to subject the Cochlostylas of the region to a critical study. 
This has been done, and the results are embodied in a fully illustrate 
monograph upon the group, submitted to the United States National 
Museum for publication. It seems, however, that an accumulation 
of manuscript will hold up its publication for some time, and since Mr. 
de Mesa is anxious to distribute the material, which he has collected, 
it appears best to publish a brief diagnosis of the new things discovered 
in this genus. I am therefore listing all the members of the genus so 
far known from the region, giving the distribution of each. A new 
subgenus and the new species and subspecies are tersely differentiated 
and their type with its United States National Museum number 
demgnated. 

CocBLOSTTLA (Corasia) aegbota Rccve. Mindoro. 

CocHLOSTTLA (Calocochlea) ublanocheila Gratcloup. Eastern Min- 
doro, 

Cochlostyla (Calocochlea) peipallida, new species. This species resembles 
in else and hydrophanous marking Cochlostyla melanoeheila, but the ground 
color of the nuclear whorls, aperture and peristome are white; the aperture 
and columella are also more oblique. Type: U. S. N. M. No 313568; Tubu- 
IcaU near San Teodora, northeastern Mmdoro. 

Cochlostyla (Calocochlea) roisstaha Ferussac. This species breaks 
up into a number of geographic races, some of which are new. They are: 

Cochlostyla (Calocochlea) roiseyana roisayana Ferussac. Northeastern 
Mindoro. 

Cochlostyla (Calocochlea) rotssyana barlschi Clench. Anduyanan, Paluan, 
northwestern Mindoro. 

Cochlostyla (Calocochlea) roisayana aubatra Pilsbry. Mindoro. 

Cochlostyla (Calocochlea) roisayana luiea Pfeiffer. Ilin Island, off southern 
Mindoro. 

* Published by permisBion of the Secretary of the Smithsonian Institution. Received 
May 10, 1033. 
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CochlMlyU (Ca to aoflh l t) nimpim c«rtt>k, vbw> ■ rt )qp«alat> IU»iMe 
diffecB fhm CbchMrIa (CatoeoMea) rouqwna tertaeM CSeiMh Ift biiiig 
uniformly lighter eolmred. Type: U. 8. N. M. No. 818589; Mt. Calnvlte 
near Fbhuui, northweetem Mlnckuo. 

CochloetyU (Calooodilee) rola^jin* menlejM, new aubapedei. Thia race 
ia HjatingiiUhinH from typical roistyana Foruaaao by ita much paler oolor. 
Type: U. S. N. M. No. 313614; eaat ahore of Manaalay Bay, eaatem Mindoro. 

Cochloat]da (Calooochlea) xoisayana laymanaa, new aubaj^ea. Thia raoe, 
apedmena of which I ooUeoted on the weat ahore of Manaalay Bay, eaatem 
Mindoro, can readily be distinguiahed by ita pale greeniah plum cokn*. Type; 
U. S. N. M. No. 266958, 

CocHLoem,A (Calocochlea) oebtbudib Mollendorff, Kobelt and Winter. 
Bongabon, aoutheastem Mindoro. 

Cochloatyla (Halooochlea) Utlianae, new aubgenua and apedee. Shell 
helicoid, periphery angulated, curve between aunumt and periphery of last 
whorl equall^ that of base between periphery and umbilicua; peristome 
expanded and reflected; columella very oblique and excavated. There ia 
Boaroely any calcareous material in the shell, which is thin and diaphanous, 
and of very pale yellowish olive green oolor, with a dark chestnut brown 
oolumellar area. Type: U. S. N. M. No. 255826; Mt. Halcon. 

CocHiiOSTYXA (Heucost^la) rvLOENB ruLOENS Sowerby. Northeastern 
Mindoro. 

Cochloat^d* (Helloostyia) folgena Johnsoni, new aubspedes. Thia sub- 
spedes is r^ily distinguished from the other two by ita more elevated apire. 
It has the dark base and variable bands of typical Cochloelyla {Hdicoetyla) 
fuJgena fulgena. Type: U. S. N. M. No. 21779; Bitio Pamulon, Manaalay 
Bay, southeastern Mindoro. 

Cochlostyla (Helicostjla) fulgena aapolana, new aubspedes. This aub- 
spedes is distinguished from typical CodUodyia (Hebcodyla) fulgene fulgene 
by its lacking the dark ohvaceoua yellow base. Here it is only a trifle more 
yeUow than the spire. Type: U. S. N. M. No. 313574 ; Mt. Bapol, northeastern 
Mindoro. 

CocHLOBTTbA (Heucobttla) DDfEBA Jonas. Mmdoit). 

Cochlostyla (Cochlostyla) hydbophana hydboprana Sowerby. 
Medio Island, Mindoro. 

Coohlost^ (Cochlost^dB) hydrophana veioderoana, new subspedee. This 
Bubqiedee is readily distinguished from typical Cochloetyla (CoMtetyla) 
hydrophana hydrophana by its much more elevated fonn. Type: U. 8. N. M. 
No. 313619; Verodero, Mindoro. 

Cochlostyla (Cochlodbyab) plobida plobida Broderip. Northeastern 
Mindoro. 

Cochlostyla (Cochlodbyab) plobida pttbcolabiata M6llendoiff, Kobelt 
and Winter. Mindoro. 
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''Oaifelnitllt ^Codilod i yn) flarida nnda, new ■ubq>eoffla. Thta race in 
Attpsraniiuboiieof Coeklotlykt {CoModrya^^ 

be (Uffemmtiated from thie by its golden yellow peiiostraoum. Type; U. S. 
N. M. No. 313610; obtained by the U. B. Exploring Expedition, probably at 
the southern tip of Mindoro. 

CodilostyU (Cochlodryu) florida rigna, new subepedes. This subspecies 
is diffeien^ted from all the others by its exoeedmgly thin shell and 
oUvaoeous waxy coloration. Type: U. 8 N. M. No. 313611, west shore of 
Mansalay Bay, southeastern Mindoro. 

CocHLOBTYLA (CoGHLODBYAs) FLORIDA HELicoiDEB Pfeiffer. North- 
eastern Mindoro. 

CocHLOSTYLA (CocHLODRYAs) OBBiTTLA Sowerby. Northoastem Mindoro. 

Cocblost]^ (Cochlodryas) mateol, new name for Helix teneba Sowerby, 
1841, Proo. ZooL Soc , p 102, in part, not Helix teneba Qmehn, 1701, T.mn 
Syst. Nat., ed. 13, voL 1, pt 6, p. 3663. The dark banded shell. North- 
eastern Mindoro. 

Cochlostyla (Cochlodryas) matsoi slbolonensis, new subspecies This can 
readily be distinguished from typical Cochlostyla {Cochlodryas) mateoi by its 
very thin shell and broad form, as well as paler coloration. Type: U. S. N. 
M. No. 313629; Sibolon Island off southeastern Mmdoro. 

Coclilost]da (Cochlodryas) fastidiosa, new name for Helix teneba Sow- 
erby, 1841, Proc. Zool. Soc. London, p. 102, in part, not Helix teneba 
Qmelm Linn. Syst. Nat. ed. 13, 1791, voL 1, pt. 6, p 3663. The pale shells 
Northeastern Mmdoro. 

Cochlostyla (Cochlodryas) decoba Adams and Reeve. Mmdoro. 

Cochlostyla (Coluuplica) cepoides Lea. Lubang Island 

Cochlostyla (Heucobxhjnus) turbo Pfeiffer. Mmdoro. 

Cochlostjla (Orthost^os) euoonlca, new species. Shell broadly conic, 
periostraoum varsrmg from grayish brown to wood brown. Where the 
peiiostraoum is removed, the early whorls are flesh colored, the succeeding 
turns becoming gradually darker until the last is chestnut brown between 
summit and peripheiy and bright dark chestnut brown on base Aperture 
bluish white; peristome edged with brown; columella pmkish. Type; 
U. S. N. M. No. 313637; Calapan, Mindoro. It has 6.7 w^rls, and meas- 
ures: Length, 60.3 mm.; greater diameter, 30 2 mm.; leaser diameter, 34 mm 

Cochlostyla (Htpselobtylus) cincinniforuis cincinniformis Sow- 
erby. Lubang Island. 

CocHLOffTYLA (Hypselobtylus) cincinniformis ULTIMA Clcnch. Apailco, 
Qolo Island. 

Cochlostyla (Hypselobtylus) ciNCiNNiFoains demesana Clench. 
Aparico, Golo Islai^. 
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Cochloit:^ dndnntfonBli mwfi, new aubqMotof. 

This Bubqjedes is distinguished from the others by its mueh more vivid 
coloration, the li^t areas being much more intensely white and the dark 
areas equ^ intensely dark, but the dark areas are not as broad as in typical 
CochUuiyUi (Hypadostylut) eincinniformu cineinniformis; consequently the 
shell as a whole appears paler than in the typical race. Type: U. S. N. M. 
No. 313578; collected by the Menage Expedition in northeastern Mindoro. 

CochlostyU (Hypselost^^us) cineinniformis guntiogans, new suhnMCiea. 
The yellow or orange coloration of the light areas in this subspedes will dis- 
tinguish it from the i^. Type: U. 8. N. M. No. 313574 ; Gunting Mountain, 
Looc Bay, Lubang Island. 

Cochlost;^ (H^selostyius) dncinnifbnnia csbrasensis, new subspecies. 
This subspecies is distinguished from the rest by having the brown bands much 
brighter and the light ones intensely bluish white. Type: U. 8. N. M. No. 
313639; Cabras Island. 

CkicHLOSTTLA (Hypselostyltts) ciMciMNiroRMis LUBAMEN 81 S Clenoh and 
Archer. Binacas, Lubang Island. 

CocHiiOSTTLA (Eudoxttb) jonasi Pfeiffer. Mindoro. 

CocHLOSTVLA (EuDOXus) BuscHi Pfeiffer. Mindoro. 

Cochlostyla (Eudoxus) simpi.bx Jonas. Mindoro. 

CocHLOSTYLA (EuDoxus) ALBINA Giutcloup. Mindoro. 

Cochlo8t]da (Eudoxus) canonizadoi, new species. This species suggests 
very stron^y Cochloetyla (CocAlodryae) halxcMora Semper from Luson, but 
it is in every way much smaller. Type: U. 8. N. M. No. 313722; 5 whorls; 
measures: Length, 27.3 mm.; greater diameter, 27.9 mm.; lesser diameter, 
22.6 mm ; Sibolon Island, south of Mindoro. 

CkicHLOSTYLA (Prochilub) viboata Jay. This is a most interesting 
mutating species, which I have fully discussed m my monograph and some of 
whose forms have been described as; Bulihus pobraceub Jay, Buloius 
LABRELLA Grateloup, Bulimus dryas Broderip, Buldcus bylvanub Bro- 
derip, Bulhiub calobaftus Jonas, Bulimus cuyobnsis Reeve, in part, 
Cochlostyla sylvanoioes Semper, Cochlostyla viroata pulchrior 
Pilsbry, Cochlostyla viroata alampb Mollendorff. Northeastern Mindoro. 

Cochlostyla (Ptochilus) cerina, new species. The medium-slse and yellow 
color will distinguish this species from all others of the subgenus. Type: 
U. 8. N. M. No. 313672; Bulalacao, southeastern Mindoro. 

Cochlostyla (Prochilub) partuloideb Broderip. Northeastern Min- 
doro. 

Cochlostyla (Prochilub) cuyobnsis contracta MOllendorff. Mindoro 

Cochlostyla (Procbilua) cuyoen^ subpallida, new subspecies. This sub- 
qjecies differs from Cochloetyla {Prochtliu) cuyoeneie contracta MdUendoiff 
in its exceedingly thin shell which permits all of the interior to be seen by 
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trumnitted li^t, and in laddng the dedded color bands. Type: U. S. N. M. 
No. 313671; Calu 3 ra Island, off southeastern Mindoro. 

Codiloityla (Prochilua) fictflla fulva, new subspecies. This subspecies 
differs from all the others known by being yellowish but in having a remnant 
of the basal oolumellar dark area. This is based upon MOllendorff, Kobelt 
and Winter’s description and figure of Cochloaiyla (ProchUue) JUtUia larvalue, 
1914, Semper’s Reisen im Arohipel der Philippinen, vol. X, p. 332, in part, 
pi. 76, fip. 11, 12. Southeastern Mindoro. 

Cochloatyla (Prochilua) flctUls ambulonensis, new subspecies. This sub- 
species is rather large and has the white band at the summit of the whorls 
reused to a minimum. Type: U. S. N. M. No. 313600; Ambulon Island off 
southwestern Mindoro. 

Cochlostjia (Prochilua) flctills marmorosa, new subspecies. This is 
similar to Coehlodyla (ProchUiu) ficlilia atnbulonenaia, but is much snaller 
and brighter colored. The light band at the summit is also much broader. 
Type: U. 8. N. M. No. 313741; Ilin Island, off southwestern Mindoro. Its 
geographic position is intermediate between that of Coehlodyla (Prochilua) 
fidilia ambulonenata and Coehlodyla (Prochilua) fidxlia cagurana and so is its 
color scheme. 

Cochlostjia (Prochilua) flctllis cagurana, new subspecies. This subspecies 
is easily distinguished from the other Mmdoro ficliha by its dark coloration 
and very broad hght band at the summit. Type: U. S. N M. No. 313598; 
Caguray, southwestern Mindoro. 

CoCHLOSTYLA (ChRYSAUJb) CHBYSAUDIFORMIS CHRYBAUDIFORtllS SoW- 

erby. Northeastern Mindoro. 

Cochlostyla (ChiysalUs) chrysalidlformis macra, new subspecies. The 
extreme slenderness of this subspecies will disting;ush it from all the others. 
Type: U. S. N. M. No. 382969, Mindoro. 

Cochlostyla (ChxysalUs) chxysalidiformis villosa, new subspecies This 
subspecies in shape and sculpture resembles most nearly typical Cochloatyla 
(Ch^aaUta) diryaalidiformia chryaalidtformta, but it is a httle more rough 
and lacks the dark color band at the summit and the dark edge to the hp. 
It differs from Coehlodyla (Chryaattia) chryaalidiformia enodoaa by its larger 
site, more elongate form and stronger sculpture. Type: U S. N. M. No. 
315858; Mindoro. 

Cochlost^ (Chrysallia) chiysalidiformls raxlor, new subspecies. The 
subspecies is remarkable for the extreme thinness of its shell. Type: U. 8. N. 
M. No. 313644; Calawagan, Paluan, northwestern Mindoro. 

Cochloatyla (ChiysalUs) chiysalidiformls enodosa, new subspecies. This 
subspecies is nearest related to Coehlodyla (ChryaaUia) chryaalidiformta 
viUoaa, from which it can be easily distinguished by its more ovate form and 
much more less strongly developed sculpture. Type: U. 8. N. M. No. 
382970; southwestern Mmdoro. 
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Cochlos^ (Chiyaillls) chxTnUdifonnlf foicat^ neir nibspeelM. This 
differs from all the other eubepeoiee by its regularly oonio spire and by having 
the parietal wall brown. Type: U. S. N. M. No. 382971; Mindoro. 

Cochloit^ (ChiysaUis) jayl, new name for Bnuxus ustulatub Jay, 
1839, Cat. Shells, 2d ed., p. 119, pL 6, fig. 1; not Buumub usTULATtrs Sow- 
erby, 1833, Conchologioal Illustrations, figure 42. 

Cochlostyla (ChiysaUis) Jayl jayi, new name. Northeastern Mindoro. 

Cochlostyla (ChiysaUis) jayi peipusllla, new subspecies. This subspecies 
differs from typical Cochloatyla (ChryaaUte) jayi jayi in being much smaller. 
Type: U. S. N. M. No. 313686; Calawagan, Paluan, northwestern Mindoro. 

Cochlostyla (ChiysaUis) jayl camorongana, new subspecies. In this sub- 
speaes the ground color is blackish brown, while in the others it is bright 
chestnut brown. Type: U. S. N. M. No. 313620; Camorong, Abra de 
Hog, northern Mindoro. 

COCHLOSTLYA (CUBYBALUS) LICHKNIFER UCHENIFER Mdrch. Mindoro. 

Cochloat]^ (ChiysaUis) lichenlfer avlttata, new subspecies. This differs 
from typical CoeUoatyla (CkryaaUis) liehentfer lichenifer by lacking the periph- 
eral brown band. Type: U. 8. N. M. No. 382972 Is from Mt. Halcon. 

Cochlostyla (Chbysallis) elbctbica electbica Reeve. Puerta 
Galera, northeastern Mindoro. 

Cochlostyla (ChiysaUis) electiica mangarina, new subspecies. This sub- 
species differs from typical Cochlostyla (ChryeaUis) eUctriea ekctrica in being 
more globose and in having the axial fulguration slanting retractively. It 
differs from Cochlostyla {Chrysallts) etectrica hviaJacaoam in being more 
globose and in having a less strong perioetracum. Type: U. S. N. M. No. 
382973; Sitio Brucaan, Mangarin, southwestern Mindoro. 

Cochlostyla (ChiysaUis) electrica bulalacaoana, new subspecies. This 
subspecies differs from Cochlodyla {CkrysaUis) electrica mangarina in being 
less globose and in having a much stronger periostracum. Type: U. 8. N. M. 
No. 382974; Bo. de Cora, Bulscao, southeastern Mindoro. 

Cochlostyla (ChiysaUis) palUobads, new species. This species is most 
conqiicuously distinguished from all the other Cochlostyla {ChrysaUts) by 
having the iMsal half pale buff, contrasted with the chestnut coloration of the 
upper part of the last whorl. Type: U. 8. N. M. No. 313653; Pinagbayan, 
Paluan, Mindoro. 

Cochlostyla (ChiysaUis) pettltl, new name for Buliicvs cailliaudi Pettit, 
December, 1860, Joum. Conchyl , vol. 1, p. 404, pi. 13, fig. 3, not BuLOins 
CAILLIAUDI Pfeiffer, August, 1850, Zeitschr. Malakozo. p. 86. 

Cochlostyla (Chrysalub) rollei bollei MOllendorff. North base of 
Mt. Halcon, Mindoro. 

Cochlost^ (ChiysaUis) rollei osbomi, new subspecies. This subspecies 
dlffeis from typical Cochlostyla (Chrysallts) rollei roUei in having the sheU 
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much more ovate and the axial baadB much broader. Type: U.S.N M No 
800823; lidce Naujan, Mindoro. 

Cochloetyla (Chiyiallia) rollei vexator, new Bubspedee. This subspecies is 
ever so much smaller than typical Coehlodyla {Ctu^adUu) roUei roUei, Type: 
U. S. N. M. No. 104348; Mindoro. 

Cochloetyla (Chiyeallls) rollei nlger, new subspecies. This subspecies 
differs from the oth^ three in being ever so much darker and m having the 
q>lral sculpture more pronounced. Type: U. S. N. M. No. 313721 ; Mayabig, 
Baco, Mindoro. 

Cochloetyla (Cbiyeallie) albolabrie, new species. This spedee is most 
neariy related to Cochloetyla (CkryeaUie) roUei from which it differs in having 
the peristome white and the aperture proportionately larger. It is also 
much smaller. There are two races before me which may be called: 

Cochloetyla (Chiysallla) albolabrie albolabiis, new subspedes. In this 
the shell is of elongate-ovate shape. Type: U. S. N. M. No. 104347; Min- 
doro. 

Cochloetyla (Chiyeallla) albolabrie robusta, new subspedes. In this the 
shell is not elongateovate but ovate. Type: U. 8. N. M. No. 104346; 
Mindoro. 

CocRLOSTTLA (Chrtsalus) ANTONI ANTONI Semper. Northeastern 
Mindoro. 

Cochloetyla (ChryealUs) antoni macUenta, new subspedes. This subspedes 
can readily be distinguished from Cochloetyla (ChryeaUie) anUmi antoni by 
its much more slender form. Type: U. 8. N. M. No. 313551; Sitio Boncaan, 
Mangarin, southwestern Mindoro. 

Cochloetyla (Chiysallls) roeeolabra, new spedes. Shell varying from 
elongate conic to broadly ovate. General color yellowish buff or wood 
brown. Interior of aperture bluish white or bluish white with a purplish 
tinge; peristome pale or bright rose^oolored. There'are two subspedes bdore 
me: 

Cochloetyla (Chzyaallle) roeeolabra roeeolabra, new subspeciee. In this 
the general color of the s^ is yellowish buff, while the expanded peristome 
is pale rose colored. Type: U. 8. N. M. No. 313677; Calawagan, north- 
western Mindoro. 

Cochloet^ (Chiyeallis) roeeolabra rosea, new subspedes. In this the 
general color scheme is wood brown. The periostome is much more intensely 
rose colored. Type: U. 8. N. M. No. 133680; interior from Abra de Hog, 
northern Mindoro. 

CkicHLOSTYLA (Chbtsalub) aspersa abpersa Grateloup. Northeastern 
Mindoro. 

Cochloetjda (Chrysallie} aqiersa lunai, new subspedes. This is the largest 
subqiedes, suggesting in sixe Cochlodyla (ChryeaUie) roUeit from which it 
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can be at onoe dletinguiabed by ita dark apex. Typt: U. B. N. M. No. 
313702; Calamintao, Mamburo, Mindoro. 

CochlM^ (Chr^yallli} aapena juani, new subepedea. TUa la the amalleat 
of the short based subspMles. Type: U. S. N. M. No. 313708; Qunorong, 
Abra de Hog, northern Mindoro. 

CocHLOBTTLA (Chrtbalus) A8PEB8A MiNDOBOENBM Broderip. Dulugan, 
Puerto Qalera, northeastern Mindoro. 

CocHLOBTTiiA (Chrysalus) aspebsa uELAMOGABTsa Mdrch. Mt. Sapol 
northeastern Mindoro. 

CocHLOBTYLA (Chbybalus) asperba waoneri Grateloup. About Lake 
Naujan, eastern Mindoro. 

CochloBtjia (ChiysslUs) aspersa edgari, new subspecies This is the large, 
elongate-ovate race with rather protracted base about the east slope of Mt. 
Halcon. The axial bands of brown and buff are distinct and rather broad, and 
not interrupted at the periphery. Type: U. S. N. M. No. 313712. 

Cochloityla (ChiysalUs) aqMrsa blnuangana, new subspecies. This sub- 
species is very dark colored and of ovate form. It suggests Cochlottyla 
(ChryadUia) aaperaa nuUanogader but lacks the dark basal ooloration. Type: 
U. S. N. M. No. 313713; Binuanga, Paluan, northwestern Mindoro. 

Cochloityla (ChxysaUii) aqwrsa lli^ana, new subspecies. This subspecies 
is readily distinguished from Cochloatyla (ChryaaUia) aaperaa edgari by its 
much more regular elongate-ovate form and from Cochloatyla (ChryealUa) 
aaperaa calamtam by its much greater sise. Type: U. S. N. M. No. 313706; 
Camorong, Abra de Hog, northern Mindoro. 

Cochlost^ (Chrysallis) asperia calavitana, new subspecies. This sub- 
species can readily be distinguished from the other members of the group 
with protracted base by its exceedingly snuill sise. Type: U. B. N. M. No. 
313714; Mt. Calavite near Paluan, northwestern Mindoro. 

Cochlo«t]di (Chrysallis) cankeps, new species. In this species the shell 
varies from elongate-ovate to dongate-oonic. The nuclear whorls are flesh 
colored. Postnuclear whorls marked by axial bands and fulgurations of 
yellow or greenish yellow. Interior of aperture bluish white; peristome 
varying from white to brown in the different subspecies. Distribution appar- 
ently all over Mindoro, breaking up into a number of subspecies. 

Cochlostyla (Chrysallis) cank^ damasai, new subspecies. This sub- 
species is much darker than any of the other subspecies. Here the daric 
color of the periostome extends within the aperture, a feature not possessed 
by the other races. Type; U. S. N. M. No. 313662; Calamintao, Mamboro, 
northwestern Mindoro. 

Cochlostjda (ChrysalUs) cankaps maitSt new subspecies. This subspecies 
belongs to the ovate-conic group and most nearly resonbles Cochloatyla 
(ChryaaUia) canieepa conb-acoalana, but it k mudi larger and the peristome 
is much darker. Type: U. 8. N. M. No. 20361a; southern tip of Mindoro. 
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OocUoatjU (QuyiaUU) omkept contmoitaim, new Bubepeciee. This 
■ubspedes beknp to the elongate-ovate group and can readily be distin- 
guial^ from CocMottyla {ChrytaUu) eantceptdemeMt by its smaller aise and 
leas brilliant coloration, and from Coehlogtyla {ChryaaUia) cantcepa maita 
by its smaller siie. Type: U. 8. N. M. No. 313554; Centra Costa, Mindoro. 

CochlostyU (ChiysalllB) canJceps eonica, new subspecies. The regularly 
conic outline will distinguish this subspecies from all the others. Type: 
U. 8. N. M. No. 313555; southwestern Mindoro. 

Cochlostyla (Chiyaallis) canlceps caniceps, new subspecies. In this sub- 
q)ecies the shell is elongate-conic; the whorls are well rounded. It is nearest 
related to Cochlodyla (Chryaallia) cantcepa mtntUa, but is much larger than 
that subspecies. Type: U. 8. N. M. No. 313556; Lake Naujan, Mmdoro. 

Cochloat^ (ChiyaalUa) caniceps mlnuta, new subspecies. This subspecies 
is most nearly related to the t 3 rpical race Cochhayla (ChryadUta) cantcepa 
cantcepa, but is easily distinguished from it by its smaller sue and more shaggy 
sculpture. Type: U. 8. N. M. No. 313560; Mansalay, southeastern Min- 
doro. 

Cochlostyla (Chiyaallls) nlgtlcepa, new species. The members of this 
spedes closely resemble Cochloatyla (ChryaaUia) caniceps from which, however, 
they can be distinguished at once by their dark nuclear turns. 

Cochlostyla (ChrysalUs) nigtlceps nlgrlceps, new subspecies. This sub- 
species is nearest related to Cochloatyla (ChryadUta) nigrirepa nubifer, from 
which it is distinguished by its lesser size. Type: U 8. N. M. No. 313716; 
Lake Naujan, northeastern Mindoro. 

Cochlost^ (Chiysallis) nlgrlceps nubifer, new subspecies. This sub- 
species 18 nearest related to Cochloatyla (ChryaaUta) ntgrtcepa ntgricepa, from 
which its larger size will readily distinguish it. Type: U. 8. N. M. No. 
105408; southwestern Mindoro. 

Cochlostyla (ChrysalUs) nlgrlceps obnubUa, new subspecies. This sub- 
species is readily distinguished from the other two by having the general 
color blackish brown instead of chestnut brown. The hydrophanous cloud- 
ings are also lighter and much more pronounced. Type: U. 8. N M. No. 
313718; Binuangan, Paluan, northwestern Mindoro. 

Cochlostyla (ChrysalUs) perturbator, new species. Shell of medium size, 
ovate. Early nuclear whorls white, grading slowly into the brown of the 
postnuolear turns. Periostracum of the postnuclear whorls moderately 
thick, covered by hydrophanous bands, cloudings or fulgurations of oliva- 
ceous buff between which the dark ground color shines through. On the last 
whorl the periostracum is almost completely hydrophanous Interior of the 
broadly oval aperture pale blue; penostracum and inner lip chocolate brown, 
with an iridescent flush. Type: U. 8. N. M. No. 313720; Tara, Abra de 
Hog, northern Mindoro. 

Cochlostjia (ChiyssUis) cormgats, new species. In this species the nuclear 



wborls are fledi colored; the early poetnuolear whorie are buff, while the late 
ones gradually range to very da^ chestnut brown. The postnuclear whoris 
are conq>iououaly marked by brilUant fulguratlone of yellowiiA buff, uddch are 
moat pronounced near the summit of the eheUe. The Interior of the aperture 
and inner portion of the columella are pale blue, gradually grading to purpUdi 
brown at the edge of the expanded peristome and Inner lip. The most die* 
tinotive feature of the ehell, however, ie the axial oorrugations of the last, 
and sometimes the penultimate, whorl. Type: U. S. N. M. No. 813740; 
San Jose, southwestern Mindoro. 

ZOOLOGY. — Metoncholaimue pristiurus {tur Straaeen); a nema 
suitable for use in laboratory courses in zoology.^ N. A. Cobb, 
U. S. Department of Agriculture. 

Zur Strassen, who first proposed the species Metoncholaimus pristiu- 
rus, alluded for the most part only to the organs whose forms served 
to distinguish it from its nearest allies among the oncholaims. The 
present attempt at a more complete understanding of its morphology 
adds to our knowledge in a number of ways, especially with regard to 
the remarkable demanian system. 

At the same time the text and figures have been prepared with par- 
ticular reference to requests of school, college and university instruc- 
tors in invertebrate zoology, a course suggested by the fact that this 
species has been used with some promise of success in the invertebrate 
courses of a considerable munber of universities. 

Unfortunately few if any zoological textbooks treat nemas ade- 
quately. It is believed that any progressive and well equipped in- 
structor who will study carefully ^e following descriptions, wi^ the aid 
of good living as well as preserved specimens, will find himself all the 
better equipped to instruct students concerning the morphology of 
the important nemic phylum. 

METONCHOLAIMUS PRISTIURUS (Zur Strassen) 

[Afete, changed; Onehotaimus, tooth (in the) throat] 
rsuALB. Fig. 1. 

The eutide and the body vail. «•/ is' ’t* ' ' 

The contour of the nema is plain. The thin, transparent, colorless, nearly 
naked cuticle, 72, 96, about one micron thick, is traversed by plain transverw 
striae; but th^ are very difficult of resolution except with hi^ powers of the 
microscope used skillfuUy under favorable conditions, — ordffia^ they will 

> Through the much appreciated courtesy of the United States Bureau of Fiaheriee a 
eonaiderable part of these investigations was carried out at its Laboratories at Woods 
Hole, Mass. Received May 18, 1932. 
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not be seen. Theee striae are not altered on the lateral fields; there ate no 
lon^tudinal wings. The subeutiok, 99, usually contains multitudinous 
pelAly,— i.e. roundish or slightly elongate,— {/eUowtsA ptgmetU granules, 34, 
82, 95, one to two microns across, “paved” in lonmtudinal bands of variable 
width; — two broad lateral bands, one on each side of the body, about one- 
third as wide as the nema and having narrower submedian bands on each side; 
and three nairow ventral bands as well as even narrower dorsal bands. These 
bands are better seen after staining over night in eeawaler-mtlhyleM-blue. 
which may not only stain them but bring out the fact that the granutes along 
the edges of the two mam lateral bands are of a somewhat d^erent nature 
from the rest. Longiiudtnal atruUiona in the subcuticle, due to the attach- 
ment of the musculature, 4, 16, 77, are faintly visible at high magnification m 
most regions of the body, esp^lly the more translucent parts. The body 
wall, including the cuticle, is about six microns thick. 

Ten widely spreading cephahe setae, 26, are arranged on the lateral surface 
of the lip remon in the usual way, i.e. a pair on each submedian line and one on 
each lateral line : the longest of these are one-fourth as long as the correspond- 
ing portion of the head is wide, the shorter member of each submedian pair 
behig about three-fourths as long as the lon^r. The members of the sub- 
median pairs grow so close together as sometimes to appear as one. These 
suboyllndroid setae are nearly straight and are blunt at the end, where they 
seem more or lees open, not clcned, mdicating, probably, that they may aUio 
be connected with some sense in addition to that of touch. There are a few 
scattered subcephalic setae near the head, of nearly the same length (ten to 
twelve microns) as the cephaho setae, but more slender. On the neck and on 
the body there are also a few scattered setae, — very inoonspicuous and seldom 
seen. There are also a few very short, very inconspicuous setae on the tail, 
especially toward its extremity and on 2As sptnneret, 24, 74. There are no 
cuticular pores. 

The neck and head. The head and neck occupy the antenor 11 to 13 per 
cent of the body, i.e. the part in front of the prominent constriction, 13, be- 
tween the nearly colorless oeeophagiu, 12, 36, and the darker intestine, 83, 64. 
The slightly conoid neck ends in a sidlruncate continuous head, the frontal 
mouth opening in which is not depressed. In front the pharynx, 31, 48, 67, 
is arched over by the six distinct and separate, flat and tbn, fairly well 
developed, mobile lips, 28, 49, which are not set off by constriction or in any 
other way. As a rule the bps are not readily counted except when seen from 
in front. Toward the margin of the head there is a circlet of six, innervated, 
very minu te and inoonspicuous, Sorward-facing sensory papillae, 29, 46, one on 
eaw lip. This drolet is about two-thi^ as wide as the front of the head. 
Theee papillae also are rather difficult to see except from in front, 45 The 
rather simple subregular vharynx, 31, 35, 48, 57, about forty by twenty-three 
microns, is somewhat cylindroid anteriorly and vaguely conoid posteriorly. 
Tto posterior “chamber," 35, sixteen by nine microns, supports the three 
acute onchia, 25, 33, 53, the forward pointing projection of the largest of which 
is veiy readily seen. Taken as a whole the phaiyngeal cavity might be 
desoibed as somewhat convex-conoid. Its refractive, cuticularised wall is 
nearly two imorons thick. 

Its armature consists of three unequal, conoid, perforated, pointed onchia, 
one dorsal, 25, two ventrally submedian, 33, 53. Of these the grooved left 
ventral mi bmwtian, 27, 63, is much the largest, and reaches two-thirds the dis- 
tance to the lips. The other two, e.g. 33, 25, nearly eoual in size, reach only 
about halfway to the lips. Each onohium is the outlet of a branched and 
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much dixigated unkt^ular $aluary gland, e.g. and dct gl aal, located 
abnig the oom^Bding sector of the oesopha^ and reaohixig back even to 
near the base of the n^, where the corresponding three nuclei, 41, may be 
seem, about one body-width in front oi the prominent constriction, 13, sepa- 
rating the oeeopha^ from the intestine. Each gland empties through a 
perforation, 37, in toe corresponding onchium, by means of an inconspicuous 
ampulla and a very fine dud,— about one micron across. The distribution of 
the salivary glands among the radial contractile fibers of the oesophagus may 
be indicate by the granules, one micron or less in diameter, to be seen in 
various parts of the glands, e.g. at del gl aal. In favorable specimens the ducts 
of these glands, when filled with this granular secretion, can be followed 
throughout the length of the oesophi^, and the glands are then seen to have 
numerous diort lateral branches, (see from 43 forward). The much larger, 
thou^ incon^iouous pigment granules of the oesophagus are acattered through- 
out the organ. 

The external amphida, 32, 61, — one on each side of the head, — are somewhat 
escutcheon shaped, being synunetncal only to a longitudinal hne, and are 
longer transversely than longitudinally. The antenor border of each amphid 
is removed from the antenor extremity of the nema a distance about equal to 
the radius of the head. They are much more obvious if looked at dorso-ven- 
trally, when they are distinctly seen to be two pocket-hke entrances to internal 
sensory organa, the internal amphids, located laterad in the back part of the 
head. Each of the external amphids is about one-fourth os wide as the corre- 
sponding portion of the head and about two-thirds as long os it is wide. Each 
outer amphid connects with a aenstUa, 54, or receptor, close behind, by means 
of an exc^ingly narrow and very short (two and a half microns) but strongly 
refractive, duct, shown m the figure. The sensilla is one-fifth as wide as the 
head and hes opposite the basal part of the pharynx and is connected back- 
ward with the central nervous system by a lateral nerve, 55, just beneath the 
body wall. The details of the sensilla, 54, are usually difficult to see except 
when specially stamed The amphids are held to be chemical sense organs 

The oeaophagiis, 12, 36, is cylindroid, cnlargmg very slightly postenorly; 
behind the pharynx it is three-fifths, at the nerve-nng one-half, and finally 
two-thirds as wide as the corresponding portion of the neck The refractive 
membranous “triquetrous” hnxng of the eoeophagus, mainly about one micron 
thick, but two microns m the axial parts, is a distinct feature throughout the 
organ, and finds motn optical expression in what appear as two or three closely 
approximated refractive, often shghtly sinuous, axial elements, and, in the 
ordinary closed condition of the oesophagus, seeming to occupy about one- 
eighth of its width. The radial muscutature of the eosophagus, to be seen 
tl^ughout its length, consists of fine strands and is accompanied by only a 
slight amount of yellowish granular matter There are no ciiticularized 
valves in the oesophagus. 

The intestine. The intestine, 83, 94, which becomes at once two-thirds as 
wide as the body, is thick-walled and is composed, as is usual in nemas, of a 
single layer of cells, 69 and vicimty, here of such a sise that about twelve are 
required to complete the circumference. The walls of the cells are only 
faintly visible except sometimes in the outer colorless part, 1 , 76. Usually the 
lumen of the Intestine, (see just behind cardia, 14) can be seen only famtly, 
sinoe the lining of the intestine is not refractive. As the nema bends back 
and forth, the food content of the intestine, e g. at 92, may be seen to move 
backward and forward m the lumen. This nema appears to swallow mud 
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rather indiacriinlnste^y, and to extraet ite mittimeiit from a variety of oqpuie 
material contained In tiw mnd. Large qoantitiee of tUe food material in the 
intestine may interfere with mieroeoopio examination; hence the advisability 
of keeping the nemas in clean cool seawater for a day or two before examine- 
tion. The eardiae eoUum, or constriction, 18, between the oesodiagus and 
intestine, is about two-fifths as wide as the base of the neck, maJring a very 
obvious demarcation between the oesophagus and the intestine. Tbm is a 
conoid eardia, 14, about two-fifths as wide as the base of the neck; this is the 
very short extenrion of the oesophagus into the intestine, and is composed of 
numerous smaller cells of a distinct kind, having to do, among other things, 
with the prevention of regurgitation. Though smaD, the caraia is a vny 
important part of the alimentary canal. The outer portion of the Intestine, 
1, 76, is usually more or less dtAituU qf ^nules, but the inner and greater 
portion of each mtestinal cell contuns globular yeUowish granulu, 69, of 
variable sise, the largest of which are about three microns in diameter, and 
the smallest less than one micron. These granules are varied and numerous, 
sometimes are even packed close together, and may be so arranged in the cells 
as to give rise to a faint, or sometimes a quite distmot, tessellat^ effect. 

The intestine is made up of cells of different htnde,— discharging different 
functions. One of these various kinds is readily made out, especially with the 
aid of polarised light, namely the cells, as many as one hundred in number or 
even more, containing the exceedingly minute btrefringent granvleo. These 
cells, 15, 81, 98, when examined by ordinary transmitted light, present a 
finer texture internally, and usually are more distinctly jrellowi^. If a suit- 
able specimen be allowed to remain in a concentrated solution of seawater^ 
methylene-blue a few minutes, a differential staining of the “birefringent” 
cells will often occur, but the effect does not last. The "birefringent” ceUs are 
everywhere less numerous than those that do not contain birefringents, and 
there are none of them oi all in the posterior part of the intestine. We may 
therefore speak of two distinct intestinal r^ons, one fore, one aft. The 
"birefringent” cells occur m early ovic embryos. 

The rather prominent short rectum, 19, the rear part of the intestine, is 
somewhat cuticulaneed, and is about as long as the a^ body diameter; from 
the somewhat depressed anut, 70, it extends mward and forward at an angle of 
about forty-five degrees. Its structure m the female differs somewhat from 
that of the male, which appears "helical ” The anterior and posterior lips of 
the anus are of about equal size. Small inconspicuous somewhat pear-shaped 
unicellular anal glandt can sometimes be seen, lying alongside the rectum with 
their narrowed necks directed toward the anus. 

Tati and spinneret. The slightly arcuate tail is first conoid, then oylindroid 
in the posterior fourth, where it ends in a somewhat blunt, almost impercep- 
tibly swollen, rounded spmneret, 73, armed only with three exceedingly incon- 
^cuous setae, two ventrally submedian, 74, and a dorsal one, 24.^Though 
insignificant in appearance these sensory setae are important. The veiy 
nearly symmetrical spinneret displays internally the three very slightly 
swoUra ampullae of the three caudal glands, 23. The spinneret vtUoe, or plug, 75, 
four microns across, almost at the very end of the tall, stains green with m^- 
ylene blue ("intra vitam”) while other nearby parts stain blue. This impor- 
tant valve is hemispherical posteriorly and tapers anteriorly to a flite conJnuiile 
element, shown white in the drawing, fasten^ in the midst of the three ampul- 
lae (23). It is by the contraction of this minute fiber that the plug or vahre is 
pulM away from its seat, so os to permit the sticky, non-watw sc^Ue, 
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omtuMikt Mention of the three caudal ^de to pour outward to be uaed in 
temporarily eementing the nema by the taU to Uie Bubetratum in a versatile 
manner. The spinneret and associated j^ds are of vital importance to 
aqnatio nemas: and this apparatus is all but univnsal among them. The 
tl^ ehmmtea ellipsoidal caudal glandt, 84, 88, 00,— the remotest of t.hpm 
toi body-oQameters in front of the anus,— are scattered in a loose tandem in 
the ventral part of the body cavity. Their ducts, 18, 86, leading to the spin- 
neret, can be distinctly seen under some circumstances. Most of the caudal 
setae on the female are reduced and inconspicuous. 

It is the sticky nature of the secretion of the caudal glands that enables 
these nemas to ensconce themselves so securely m the midst of the elements of 
the mud in which they live. By its aid they attach themselves to the sub- 
stratum, especially in times of danger, and to each other. By means of this 
cement, th^ bind themselves together with mud etc m almost inextricabie 
tanglee. 

The two very thin nbbon- 
like lateral cords, 3, 63, of 


half as wide, on each side of 
it. In the anterior part of 
the body the quadrate cells 
are usually & httle longer 
than they are broad, in the 
posterior part a little shorter 
than biWl. As stated, 
these median cells are 
flanked by two much nar- 
rower longitudinal series of 
cells, having the same gen- 
eral composition, t.e a very 
fine protoplasmic network 
(meshes two microns to 
five microns) in the inter- 
sections of which are roundish or somewhat ellipsoidal yellowish granules, 
usually not equidiametral. Even without staining, there are also to be 
seen, at least in each of the cells composing the central row of the lateral 
cord, faint indications of a nucleus; these indications in the living nema con- 
sist in an almost entire absence of the reticulation which is to be found else- 
where in the cell. These cells of the lateral cord are necessarily v^ fiat; 
that is to say, th^ depth (radially to the nema) is much less than their diam- 
eter in eithw of the other two directions, — t.e. longitudinally to the nema or 
tangentially. The division line between the central row of cells and the 
narrower ones on the rnargin is an almost invirible, very thin, somewhat 
Indirect cell-wall line. Around the outer margins of the two outer rows oi 
cells the granules are sli^tly differerUiated from the other granules; so that in 


Metoncholatmua prutiuruo, 
one on each side, imme- 
diate^ under the cuticle, 
are about half as wide as 
the body, each cord consist- 
ing of thiee regions, — a me- 
dian region composed of a 
single broad row of quadrate 
celli^ and a row, less than 
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HswateiMnetbyleDe-blue the euboutioular pigment gtuuilei on the horder$ qf 
the longitudinal bande, already deeoribed in oonneetion with the eutide, may 
stain green at a time when the rest of the granules stain blue. This ai^ieaiv 
anoe is ■tniUr to what is now being descril^ for the unstained nema; so that 
the structure of the lateral cords is now shown to be in harmony with that of 
the longitudinal bands of subcuticular pimnent. - In other wcnxls, the arrange- 
ment ofUie pigment granules of the cuticle is doubtless in some way correlatM 
with t^ arrangement of the cells in the lateral cords beneath. The proto- 
plasmic network in the cells of the lateral cords is considerably finer than the 
protoplasmic network in the outer part of the cells composing the intestine, 
out nevertheless, has the same general appearance. The lacunae among the 
strands of the network are of variable sise, more or lees equidiametral, 
though never exactly so,— polygonal, but not regularly so. The lateral cords 
are wellsprings of the cuticle. 

The granules of the subcuticle, 34, 82, 96, differ from the yellowish gran- 
ules contained in the network of the cells of the lateral cord ; in the spet^en 
under examination the granules in the subcuticle (a little under one micron) 
are more nearly colorless and are round, whereas those in the lateral cord are 
yellowish, and somewhat irregular in.sise and form. 

Renede and excretory pore. The excretory pore, 58, is located about one- 
fourth the distance to the nerve-ring on the ventral side of the neck. The 
nucleated single renette cell. 68, about four body-widths behind the neck, is a 
fusiform, granular, ventraa cell, about twice as long as wide, and nearly two- 
thirds as Tong as the corresponding body diameter; the renette duct, M, 67, 
leads from it, somewhat meanderingly, forward to the excretory pore, and is 
readily seen, as a rule, — or at least some of it is. It is a slender tube about 
one-twentieth as wide as the neck and ends anterioriy in a small ellipsoidal 
ampulla, near 58, nearly one-third as long as the n^ is wide, emptying 
outward through the ventral excretory pore in the cuticle by moans of an ex- 
ceedingly narrow duct only three to four microns long. The excretory secre- 
tion of this gland, as seen in its duct, and ampulla, is granular, the uniform, 
spherical, colorless granules being about one micron in diameter. This 
entire apparatus, the renette, is regarded as excretory in function. 

Nervous sydem. An important part of the central nervous system is the 
nerve-ring, 38, about ten microns wide, surrounding the oesophagus somewhat 
obliquely in front of the middle. It consists of a compact network, or skein, 
of exceedingly fine nerve fibers. Before and behind the nerve-ring are scores 
of distinct nucleated ganglion cells, 11, 56, etc., mostly bipolar, those in front 
being arranged in eight obscure longitudinal groups,— two lateral, one ventral, 
one dorsal, and four submedian. The ganglion cells are variously connected 
with each other and with the nerve-ring. Placing the nema over night in 
seawater-methylene-blue discloses some of the elements of the ventral nerve 
leading from the nerve-ring along the ventral bne to the tail. Usually about 
128 furiform elements in the ventral series may be disclosed (stainra blue) 
in this way. These can be proved to be connected with each other. The 
same treatment is likely also to reveal the nerve elements entering the bases 
of setae, and papillae, especially in the tail of the male. See Fig. 4. 

Female organs. From the sli^tly elevated vulva, 7, which is a transverse 
ventral slit of moderate sise, the medium sised vagina leads inwmrd wd 
slightly forward about halfway across the body; the vagina is somewhat 
outicularised and is accompanied by small and very inconspicuous vagincA 
glands, 9, fore and aft. About two dosen radiating muedes, 6, occur around ^ 
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TulvB, together with an aaeodated ocnni^oated nerve plextu. This musoula- 
tore is least developed bdiind the vulva. 

The sini^t uterus, 30, 8, extends forward, and u of such capacity as to 
aoeommodate a maximum of about forty e^s, 10, 39, (i.e., many more th»T> 
shown in this drawing) arranged approximately single file,— ^thoui^ this 
luge number of em is rarely seen except toward autumn. Under such dr- 
oumstanoes the oblate e^ seeming to nearly fill the body cavity in this r^on, 
are more or less ellipeoidal in contour and half a body-width long, and twice 
as wide as long. When deposited, or when not crowded m the uterus, the 
egm are ellipeoidal and longer than wide. The shells of the eggs, one and a 
hiw microns thick, are smooth, and the eggs are deposited before segmeniatum 
begins. Naturally, the length of the uterus varies according to the number 
of m/s it containa. 

'1^ broad rt\flexed ovary appears more or less cylindroid, and when there 
are, say, a dosen eggs in &e uterus, the termmus of the ovary, 69, lies about 
halfway back to the vulva. The narrow ovzduci, 46, 52, leading from the 
front end of the ovary back to the uterus, is usually nearly mvisible, but when 
a ripe ovum, 60, having passed round the bend (flexure) near 46, is being 
forc^ backward through it from the front part of the ovary back to the 
uterus, its presence is obvious. It is famtly visible at 62. The ova are 
fertilised on first reaching the uterus, and soon after this it is not very un- 
common to witness the early stages of the formation (tnii, Fig. 1) of the polar 
bodies, — which appear later as small sphencal bodies just under the cgg^ell. 
A sm^ collection of sperms is seen in the spermathccal region at 61. 


The demantan eystem. In the adult female of Meloncholatmits prtsliurus 
there is a complicated double system of efferent lubes, the demantan vessels, 
connecting, first, with the posterior part of the intestine through an osmosium, 
87, and second, with the posterior end of the uterus by means of a very long 
dender efferent duct, 79, 85. These two efferents join at a conspicuous 
thirty-two-merous, special glandular ^teway, — the uvette, 40, — and empty, 
by way of the uvette pore, 62, thence backward and outward through two 
serorate narrow lateral ducts, 42, having attached to them, along their outer 
sws, relatively large and long conspicuous moniliform affluent glands, 64, 
seventeen microns wide, each consisting usually of sixy-four somewhat 
discoid elements, 66,— occadonally double (?) this number These discoid 
cells of the two moniliform glands are three microns thick and packed with 
granules of the order of one micron; the flat ducts, along the inside of the 
moniliform glands, lead to two exit pores, the right hand one shown at 17, five 
by seven microns, laterad in the body wall one-half tail-length in front of 
the anus. However, the caudad elements of the moniliform glands are 
“pyiiform,” as shown in the illustration, — not discoid. The demanian vesnls 
elaborate a copious, elastic, sticky, non-water-soluble, nearly colorless secretion, 
possibly utilized during a^omeration and copulation, and also mayhap to 
protect and preserve the batches of eggs after deposition and dunng seg- 
mentation. 

The uvette, 40, is a very striking organ consisting of thirty-two concen- 
trically arrant, highly refractive, flask-shaped, ^ndular elements, all 
concentric about a single minute central pore, leadmg mto the large duct 
pAiwlng backward and dividing to form the two lateral efferent ducts each 
accompanied by a sixty-four-fold moniliform gland, as already described. 
The connection of the intestine with the demanian system at the osmosium 
is not an open one; the nature of the connection with the uterus, however, 
appears less certain. 
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The oemodum, 87, the enteric Cerent is located about one^hiid the 
distance from the anus to the vuhra, and may usuaQy be seen on the dorsal 
side of the intestine, — being mainly visible on aeoount of the somewhat 
greater transparmey of its tissuea The narrow uterine effermt duct, tU. 
4^., 70, 86, is very difficult to follow throughout its length, and usuaSy can be 
sMn only in specially favorable spedmens. Its connection with the postttlor 
end of tM uterus is sometimes eaey to see, — near 30. Its connection with the 
uvette is abo nearly always easy to see, and it may be followed thence for* 
ward a short distance, but to trace it far is usually a matter of some difficulty. 

The thirty-two flask-shaped elements of the uvette have their tuck* con- 
centrated at the pore. The wall of the uterine duct, as previously described, 
qireads out over the uvette. and beneath it the thirty-two elements form a 
craterlike affair leading to the uvette pore. This rare opens into the some- 
what duplex (but really monoluminal) corridor of the caudad part of the 
intestinal efferent. This latter efferent may show signs of forld^ at a dis- 
tance in front of the uvette about equal to the corresponding body diameter, 
but is seldom, if ever, really bifurcate until behind the uvette. 

Or—foUowtng the demanian system from the rear toward Ou itvette : — Where 
the moniliform glands approach the uvette, th^ join to form a two-fold 
structure, and the pore of the uvette is plac^ between the two parts of this 
double structure. The structure of the tunic of the demanian system opposite 
the uvette presents two seta of exceedingly fine Bvmmetrically arranged 
elements, — one sloping 48° right, the other left, — which continue forward. 
Thb “spiral" structure can te seen throughout the duplex portion of the 
demanian s}rstcm now being described, namely that portion in the vicinity 
of the uvette. 

Sperms, 61, arc to be seen at the cephalad end of the uterus t.e., the sper- 
matheca, where the oviduct joins the uterus, sometimes in a mass comprising 
scores of sperms, each about one-tenth as wide as the corresponding ^rtion 
of the body. They are rather difficult to see except when they are present 
in considerable numbers. 


KALE. Fig. 3. 

The spicula and other male organa. 

The taU of the male is more or less like that of the female in form, but is 
somewhat larger, more arcuate, and /or more flexible, even prehensile, as Fig. 
2 indicates. It diminishes a little more suddenly in sise at the anus, and is 
armed with special setae and papillae. The two, equal, colorless, long and 
very slender, uniform epieula, 57, 68, seven times as long as the anal body 
diameter, are almost imperceptibly oephalated by expansion. They are 
simple and frail looking, tneir proximal ends Iving more or less opposite the 
body axis. A long slender, duplex, nucleated retractor muscle, 16, extends 
forward from the proximal end of each spiculum to the body-wall in the cor- 
responding Bubdonal region, near 12; an antagonistic jiirotrusor muscle, of 
about equal sise en^uaths each spiculum. The small tnconspieuous giiber- 
naeulum, 42, lying near the anus, is double and straight. Its two equal parts 
are somewhat frail and simple, but are expanded internally so as to be visible. 
They are onlv about half as long as the anal body diameter, and lie against 
the tips of the spicula in such a way that thdr swollen and more ^ble 
INOxh^ ends, 42. lie nearly opposite tl^ axis of the base of the tail 

There is a ringle inconspicuous preanal ventral papilla, 22, voy dose to the 
anus, 21, but readily seen when searched for. There are abtwt ten small 
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off from the ejaoulatory duet by a dMinot oofwtrtetimi, 66^ la one^ouiUi; 
and the teates average one-fourth to oae-half as wide as the t>ody. There 
is a constriction midway in the vat d^erena, 37. The blind end of the 
anterior teatia, 70, direct forward, is about two nedc lengths behind the 
cardia, while the blind end of the posterior teatia, 76, directed backward, la 
about five tail-lengths in front of the anus. 

Bemnning between the renette ceU and the cardia (at 23) there is a long, 
Btrai^t, tapering acceaaory gland, 61, emptying backward into the beginning 
of the vaa d^erene, i.e., at the 
point where the two teirtes join 
it, 33. This gland, accessory to 
the gonads, is, no doubt, a re- 
duced homologue of the deman- 
lan system of the female. A 
possible function is the produo- 
tion of cement (aseptic?) used in 
copulation. 

The primaiy apematocytea, 66, 
near the blind end of the testes 
are about forty microns in diam- 
eter. About twenty of them 
would be required to span the 
corresponding body diameter. 
Full grown apermatocytea, 4, 36, 
occur farther along the testes in 
rouleaux, and are two-fifths as 
wide as the body of the nema and 
one-thud as long as wide. Nearly 
simultaneous aynapaea and reduc- 
tion diviaiona of a full grown 
sperm are often in progress in 
one or the other testis, 2, 3, and the members of the resulting quartet, 2, of 
smaller cells, — that is the resulting spermatids, — are somewhat equidiametral 
and are about one-fifth as wide as the body. 

The three caudal glands, 15, 38, and thieir three ducts, as at 40, are shown 
more clearly when stained, as m the male specimen figured. 

Habitat Stagnant marine mud, below low tide, often where there is a slight 
overgrowth of eelgraas; harbor at Woods Hole, Massachusetts, U. S. A. at 
all seasons. It aim occurs in the Mediterranean Sea, near Naples, Ih^- 
This species is subject to autumnal (?) attacks of fung^ and bacteria. The 
resulting diseases are of a very interesting character, and sometimes give rise 
to necrosis of the posterior part of the body. One of the common assailant 
cyanophyte8(?) gives rise to an extensive aigrette-like appearance. 

Exiimination of the living specimens may very profitably be supplemented 
by examination of temporary mounts in iMtophenoI, 6 per cent solution of 
potassium hydrate, and (broken open) in acetic acid-methylene green, as well 
as “intra-vitam” m seawater-methyl blue. 
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PROCEEDINGS OF THE ACADEMY AND AFFILIATED 
SOCIETIES 

PHILOSOPmCAL SOCIETY 
1029th ueetinq 

The 1029th meeting, constituting the Olst annual meeting, was held in the 
Cosmos Club Auditorium, December 7, 1931, President Curtis presiding. 

The treasurer reported expenditures of S1353.03 for the year, and stated 
that the active membership of the society is 240. 

The secretaries reported that the following new members were elected 
duringthe year: A. V. Astin, L. E. Barbrow, H, F. Bennett, C. Biitinoer, 
A. Blase, H. E. Burton, L. F. Curtibs, F. T. Davies, I. A. Denison, S. 
Ewino, I. Hartuann, H. D. Hubbard, F. E, Johnston, A. G. McNish, W. 
R. Osgood, B. L. Page, M. F. Peters, J. D. Phoenix, W. Rambero, H. F, 
ScHiEFER, G. B. Schubauer, J. Shall, P. Sollenberger, W. T Sweeney, 
R. P. Tbele, M. j. West, R. C. Wheeler and J. E. WiLUS. 

O. H. Tittman was transferred to life membership. 

The following deaths were reported: F. W. Clarke, A. J. Henry, H. L. 
Hodgkins, F. G. Tinoley. 

During the year the first Joseph Henry lecture in memory of the first 
President of the Philosophical Society was given by Joseph S. Aues, President 
of Johns Hopkins University. 

The following officers were declared elected for the year 1932: President, 
L. B. Tuckerman; Vice President*, O. S. Adams and H, L. Drydbn; Corre- 
apondtng Secretary, F. Wbnnbr; Treasurer, E. W. Wooiaro; M ember s-atdarge 
of the General Committee, N. H. Heck and E. O. Hulburt. 

At the conclusion of the business meeting, £. C. Crittenden read a paper 
on The Faraday Centenary Celebration in Great Britain.— The Faraday cele- 
bration held in Great Britain September 21 to 25 was intended primarily to 
mark the hundredth anniversary of the discovery of electromagnetic induc- 
tion. Faraday’s diary shows that on August 29, 1831, be observe a transient 
electric current in a coil wound on one-half of a ring of iron, when a current 
was started or interrupted in another coil wound on the other half of the 
ring. During the next few months he earned out and recorded a series of 
exjxiriments which estabhshed the basic principles governing the creation of 
an electromotive force in a circuit by changing the magnetic flux through that 
circuit. The diaiy and much of Faraday’s original apparatus was preserved 
at t^ Royal Institution where this work was done. 

The Centenary Celebration was orpinized jointly by the Royal Institution 
and the Institution of Electrical Engmeers. It was one of a senes of affairs 
which filled the whole month of September. The senes mcluded an Inter- 
national Illumination Congress, a session of the International Commission on 
Illumijiation, the summer meeting of the Institution of Electneal Engineers 
and the centenary meeting of the British Amiciation for the Advancement of 
Science. 

’The celebration itself included a number of receptions or “conversaziones,” 
dinners and excursions, but the outstanding features of scientific interert 
were, first, a lecture by Sir William Bragg in which several of Faraday’s 
experiments were repeated with the onginal apparatus, and, second a very 
elaborate exhibition illustrating many branches of Faraday’s experimental 
woric and the industrial developments which have grown more or less directly 
out of them. (Author’* abstract.) 

Discuseed by Messrs. Myers and Littlehales. 

G. R. Wait, Recording Secretary. 
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SCIENTIFIC NOTES AND NEWS 

The degree of doctor of scienoe has been swarded to Dr. Ltmak Jamm 
Bbiqos, asButant director of the Bureau of Standards, by bis alma mater, 
Miohigui State College. 

At the recent annual convention of the American Malaoologloal Union 
held in Washington, Dr. Paul Babtsch of the National Museum was elected 
to Uw presidency of the union. 

The Hillebrand prise of the Wariiington section of the American Chemical 
Society has been awarded to Dr. G. E. F. LuNnBLL of the Bureau of Stand- 
ards in recognition of the outstanding merit of his book on analsrtical 
diemistry. 

^bltuarp 

Dr. Nathan Augustus Cobb, former president of the Academy, died 
suddenly in Baltimore on June 4, 1032, at the age of 72. Dr. Cobb was an 
authority on nemas, and a paper on tbis subject prepared shortly before his 
death appears in this issue of the Journal 

Bom in Spencer, Maas , Dr. Cobb was educated at Worcester Polytechnic 
Institute and at the University of Jena in Germany, where he took honors 
under Haeckel, Hertwig, Lang, and Stahl. After obtaining his Ph.D. degree, 
he returned to teach for nine years in Massachusetts schools. He was then 
appointed by the British Association for the Advancement of Science to 
conduct work at its Naples soological station, where he remained for two 
years. He then went to New South Wales, where he served in various 
capacities in the department of agriculture in that country for thirteen years. 
After three years m Hawaii, Dr. Cobb came to Washington to jom the U. 8. 
Department of Agriculture, becoming acting assistant chief of the Bureau of 
Plant Industry in 1911 

Dr. Cobb discovered and described about 1000 new species of animals and 
plants and was the author of 200 pamphlets and books. He was a member 
of the Washii^on Academy of Sciences, Helminthological Society of Wash- 
ington, Botanical Society of Washington, American Society of Parasitologists, 
American Microscopical Society, American Association for the Advancement 
of Science, Medical Congress of Australia, Hawaiian Entomolc^cal Society, 
Australian Association for the Advancement of Science, and the New ^uth 
Wales Linnean Society. 
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GEOLOGY . — Stratigraphy and structure of Northwestern VejTnont. — I.* 
Artuuu Keith, U. S. Geological Survey. 

GENERAL GEOGRAPHY AND GEOLOGY 

The hiatoric region described in this paper is the north end of the 
Appalachian Valley in the United States. This part of the Valley 
is called the Champlain Valley and liee partly in New York and 
partly in New England. In the largest view it is boimded on the east 
by the Green Mountains and on the west by the Adirondack Moun- 
tains, and at the south it is split by a minor group of mountains — the 
Taoonic Range. A large part of the Valley is occupied by Lake Cham- 
plain, the surface of which is 100 feet above sea level. The bottom is 
below sea level. The Valley passes northward into Canada and curves 
northeastward, merging into the St. Lawrence Valley. 

The Champlain Valley is 20 miles wide at the latitude of Burlington 
and extends southward for 80 miles from the Canadian border to the 
Taconio Range. The Valley is there divided by the Range into two 
parts; the western one, which is continuous into the Hudson Valley of 
New York, and the eastern part, which extends as the Western Valley 
of New England nearly to Long Island Soimd. This part of the Valley 
also has several names for individual sections, such as Rutland Valley, 
in Vermont, and Stockbridge Valley, in Massachusetts. The eastern 
side of the Champlain Valley is sharply marked by the abrupt rise of 
the Green Mountain front, which trends nearly north and south and 
is close to the east side of the six quadrangles herein described. The 
western side of the Valley is also clearly marked by the bold slopes 
of the Adirondack Mountains in New York. Near the south end of 
Lake Champlain these mountains come to the shore of the Lake. 

'ReoeiYed June 6, 1932 Published with the pemussion of the Director, U. S Qeo- 
logioal Survey 
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BTRATIORAPHT 

The Valley and its southern branches are floored by Paleozoic lime- 
stone, dolomite, marble, shale, and slate with a few belts of quartzite. 
All of these rocks except the quartzite are rather easily er^ed and 
their surface is well worn down toward sea level. They range from 
Lower Cambrian age to Middle Ordovician, the older formations show- 
ing mainly in the eastern part of the Valley and the younger ones in 
the western part. The west half of the Valley and its extension south- 
ward into the Hudson Valley is floored mainly by a few formations of 
Ordovician shale and limestone, while the east half is underlain by 
many formations of Cambrian limestone, dolomite, marble, and quart- 
zite. These two groups are separated by the Champlain overthrust. 
The latter formations also underlie nearly all of the Western Valley 
of New England. Thus, in a broad way, older and older rocks appear 
as one travels from west to east. As a result of this general progression, 
the eastern margin of the Valley and the front of the Green Mountains 
are formed by the lowest Cambrian quartzites, and by still lower 
formations of the Algonkian. In the heart of the Green Mountains 
still lower formations appear in the granites and gneisses of the Archean. 

A marked departure from this plan is seen in the Taconic Range. 
There, the carbonate rocks which characterize the Valley disappear and 
nearly all the formations are of slate. One thin quartzite formation is 
present and one very thin limestone formation, which together form 
perhaps 5 per cent of the total section. There is one slate formation 
of Middle Ordovician age, two of Lower Ordo\'ician age, and seven of 
Lower Cambrian age. No Middle or Upper Cambrian is present. 
The Lower Cambrian of the Taconic Range lies on or beside the Lower 
Cambrian of the valleys, and the two groups have no features in com- 
mon except that of age. This is expressed by nature in the fact that 
one group makes mountains, while the other forms the valleys. Simi- 
larly, most of the Ordovician formations of the Taconic Rwge differ 
widely from the Ordovician of the surrounding valleys. 

Other discrepancies of this sort are found in the Champlain Valley, 
so that m all one finds three major tracts in the Valley, a fourth in 
the Taconic Range, and a fifth in the Green Mountains, which differ 
strikingly from one another in the formations present and in their 
metamorphic condition. Each of these natural groups is called a 
sequence and each is separated from the others by a major fault, as 
shown in Fig. 1. These sequences are called Western, Central, Eas- 
tern, Taconic, and Green Mountain sequences in order to show where 
they are best developed. The Champlain overthrust separates the 
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Western from the Central sequence; the Monkton overthrust is the 
boundary between the Central and Eastern sequences, and the Taconio 
overthrust separates the Taconic sequence from the others. There 
are eight principal Paleozoic formations in the Western sequence; 
twelve in the Central sequence; nine in the Eastern sequence; and ten 
in the Taconic sequence. The mutual relations of these are shown 
in the correlation chart (Table 1). Many of these formations can be 
subdivided into members, especially in the Western Sequence where 
fossils are numerous. 


STRUCTURE 

The geologic structures of the Champlain Valley exhibit the fea- 
tures which are usually found in the Appalachian Valley, consisting 
of long, narrow folds overturned toward the northwest and split by 
numerous faults. Other faults (the great overthrusts) mentioned 
above are more than usually numerous, and bringmg the extremes of 
sedimentation together they greatly complicate the structure of the 
region. The rock formations have the same north-south trend as the 
structures except here and there where they are shoved aside by the 
great overthrusts. 

Because of differences between the various formations in respect 
to ease of erosion, the Valley is very plainly defineil from the Moun- 
tains, and the weaker formations of the Valley are separated by the 
minor ridges of the harder formations, like the Monkton Hills. No 
attempt will now be made to discuss the various stages of erosion and 
uplift by which the surface has attained its present forms. These 
differ only in place but not in kind from those of other New England 
States. Those of Massachusetts have been described by the writer 
elsewhere. No space will now be given to the glacial history of the 
region with its tilting, erosion, and blanketing of the bed rock. At- 
tention will be directed solely to structures in which the rocks have 
been changed in form, attitude, or composition, and the relation of 
these structures to the nature of the rocks mvolved will be briefly 
analyzed. 

This region is at one of the great salients of the Appalachian s}rstem 
where the rocks of the earth’s crust have been pushed farther forward 
toward the west than in adjoining regions. The axis of the salient 
crosses the Valley and Mountains in the St. Albans district, where the 
structures change trend from northerly to northeasterly. Further 
south — in the Rutland district— the folds have lagged behind those of 
the St. Albans district and even trend to the west of north. This is 
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the only place in the Appalachian system where such a general trend 
is seen. The lag is due to the massive buttress of the pre-Cambrian 
rocks in the Adirondack Mountains, which checked the westward 
advance of the folds. 

The rocks of this region show the results of extreme compression 
and exhibit a great variety of folds, faults, and metamorphism. First 
came the group of great overthrusts, the Champlain being earliest, 
followed by the Monkton and Hinesburg thrusts, with the Taconio 
as a climax. Doubtless a moderate amoimt of folding took place at this 
time, but it cannot be separated from later folding. Each of these 
overthrusts was marked by much horizontal movement, but theTaconic 
overthrust was far greater than the others. Its roots lie far to the 
east in the Green Moimtains, nearly 20 miles away. The Taconic 
overthrust mass was forced completely over the other thrust masses 
and is now to be seen overriding two of them, the Monkton and the 
Champlain, at the north end of the Taconic Range. On each over- 
thrust there were brought together groups of formations of the same 
age but of very different nature and formed originally many miles 
apart. 

Apparently the overthrusting reached a deadlock, being stopped 
by friction and piling up of the masses. The pressure was still being 
applied, however, and the rocks were still more folded and masked. 
With them were folded the overthrust planes and masses until in 
places they were turned upside down, as along the east side of the 
Taconic Range. Still further compression split many folds and formed 
minor thrusts and faults. Some of these, for instance the Castlcton 
fault, would in any other region be considered large, and they were 
able to slice through the great overthrust masses and dislocate them 
into separate blocks. Such results are well seen in the \icinity of 
Burlington and Middlebury, where the Champlain overthrust was dis- 
located. A far finer example of this secondary dislocation is seen 
in the northern part of the Taconic Range, where a dozen secondary 
thrust faults have cut the overthrust mass into slices. This is by far 
the best exhibition of such structures yet found in the Appalachians or 
perhaps in North America. 

The process of compression went on until in some sections — notably 
near St. Albana— scarcely a vestige of folding remains, all being swal- 
lowed up in a succession of slices. The planes of the great overthrusts 
dipped originally at low angles toward the east; they still do so in some 
pla^, though they are overturned in others. The lesser faults dip 
as a rule less than 45 degrees to the cast. 
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In many places the overthrust masses were raised so high on the 
secondary structures that erosion has revealed the imderlying rocks 
in fensters. The largest of these appears a few miles west of Middlebury 
and east of Snake Mountain, where the limestones of the Western 
sequence are exposed in a tract covering many square miles. This is 
in^cated in Fig. 1. Smaller structures of the same sort are found in 
the vicinity of Burlington on the same overthrust which is there close 
to the water front. Of the same nature, but enormously greater in 
scale, is the structure of the region east of the Taconic Range and m- 
cluding the western part of the Green Mountains. All of this was 
brought above the erosion plane by foldmg and faultmg subsequent 
to the Taconic overthrust. The outcrop of this overthrust now forms 
an enormous flattened Z, the middle line of which reaches from the 
north end of the Taconic Range into Massachusetts, where it turns 
back to the northeast. 

A far different arrangement is seen west of the Champlain overthrust, 
where the Western sequence of formations prevails. Folding is at a 
minimum and is expressed mauily by tilting at angles which seldom 
are as great as 30 degrees. The tilting was mainly accomplished by 
normal faults which trend in a great variety of directions and of which 
the throw is commonly small. A very few faults of this kind arc known 
to cross the Champlain overthrust into the region of the Central se- 
quence. It is possible that more will be found but probably not many. 
The rocks of this sequence exhibit practically no metamorphism except 
some slaty cleavage near the Chtunplain overthrust, and the whole 
system of structures differs so widely from those on the cast side of 
the Champlain fault that they obviously belong in different provinces. 

Hand in hand with the movements of foklmg and faulting there was 
deformation by metamorphism. This was least in the Western se- 
quence so that shales were barely transformed into slates and fossils 
were scarcely deformed. At the east, however, the changes were 
extreme, no rocks escaped entirely and some were mashed almost 
beyond recognition. Granites were mashed to schists in places, and 
interbedded quartzites and shales were dissected until they resemble 
augen gneiss. Interbedded limestones and dolomites were trans- 
formed into strings of blocks of ruptured dolomite, between which 
was forced calcite marble. Such metamorphism was accomplished 
not only by physical rupture and separation but by chemical recrys- 
tallization. The details of this differ widely between marbles, slates, 
quartzites, graywackes, and granites. The differences in aspect pro- 
duced by these chemical changes are greatest in rocks which originally 



366 JOtTRNAL or THE WABHINOTON ACADSmT OF SOUNCEB TOL. 22, NO. 13 


contained alumina in the form of clay or feldspar. In such rooks the 
development of micas proceeded to great lengths, so that new structure 
planes — schistosity — were produced in them, and rocks of different 
original composition approach each other closely in appearance. In 
these rocks lithologic composition is of little value in fixing their ages, 
and phyllites of Ordovician and Algonkian ages may be identical in 
appearance. 

Between the extremes of metamorphism there are many intermediate 
grades. The western margin of readily noticeable metamorphism is 
not far west of the Taconic overthrust at the south, and of the Cham- 
plain overthruat at the north. The metamorphism is substantially 
limited to the region covered by overthrusts and doubtless is due to 
the combination of intense lateral pressure with the greatly added 
overburden of the overthrust mass. It is because of this intense re- 
crystallization of the limestone and dolomite, and the changes of bulk, 
color, and pattern that went with it, that this region has the largest 
body of fine marble in the United States. 

INDIVIDUAL FORMATIONS 

The general character of the formations exhibited in this region has 
been mentioned briefly in the foregoing general descriptions. The 
formations are described according to sequences, all of the formations 
in one seiiuence being treated before considering those of another se- 
quence. Each of the sequences, and of the formations contained 
therein, is shown in the correlation table. The first sequence de- 
scribed is the western one and the others are described in the order from 
north to south. On the map and m the correlation table numbers 
show all of the formation type localities that arc in this region. 

The outcrops of rock are very gotnl in some parts of the district, such 
as the northern part of the Taconic Range and the upper slopes of the 
hills and ridges throughout the region. All of the l^ges have been 
scraped and polished by the Pleistocene glaciers, and the decomposed 
rock has almost everywhere been removed. On the other hand, ex- 
posures are very poor in the low ground, most of them being covered 
by glacial drift. The lower levels of the Valley are usually filled with 
glacial clay deposited in the glacial lakes at various stages. This clay 
conceals everything for great areas near Lake Champlain. In the 
eastern and higher tracts there are numerous sand plains and terraces 
ranging from 200 to 1,600 feet in altitude. These are particularly 
clustered around the points where the rivers come out of the moun- 
tains, and they cover all kinds of the bed rock, so that in places it is 
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impossible to tell precisely how the formations connect from side to 
side of a delta. In the Green Mountains boulder clay conceals most 
of the rook, which only here and there projects through it or is uncovered 
by the down-cutting streams. On one kind of glacial deposit or an- 
other it is possible to travel many miles continuously without any rock 
exposures whatever. This drift blanket is most oppressive in the 
country near and north of St. Albans, where stratigraphic changes 
are numerous and thrust faults are very common. In tracing the 
formations, however, much help is obtained from the characteristic 
topography of each formation. 

WESTERN SEQUENCE 

The sedimentary rocks of this sequence begin with the Upper Cam- 
brian and rest directly upon the Archean granite and gneiss. A de- 
tailed description of these formations is not given here because the 
writer’s field work has been mainly directed to the highly disturbed 
rocks of the other sequences. Some knowledge of them is needed, 
however, as a setting for the geology east of the ('hamplain o\erthru8t. 

The first Paleozoic deposit of this sequence is the Potsdam sand- 
stone. This is found in many belts around the Adirondack Mountains 
and usually makes prominent ridges or mountains. On the east side 
of the Adirondacks this formation is a quartzite with a basal conglom- 
erate and closely resembles the Lower Cambrian Cheshire quartzite 
of the Eastern sequence. 

The Potsdam is believed to be of Upper Cambrian age but has so 
far yielded no fossils. There is a zone of interl)cddcd quartzite and 
dolomite between the Potsdam and the overlying Theresa dolomite of 
Upper Cambrian age, which is in favor of an Upper Cambrian age for 
the Potsdam beds. The Potsdam is included in Ulrich’s Ozarkian 
system, together with the Theresa and Little Falls dolomites 

The Theresa dolomite is a gray massive dolomite with many inter- 
bedded layers of sandstone, particularly at the base as already noted. 
The formation contains trilobites which establish its age. Above the 
dolomite, but included with the formation as a member, is the Ho}^ 
limestone. This also contains beds of gray dolomite and oolite, and 
niunerous fossils. 

The Little Falls dolomite is similar to the Theresa dolomite m litho- 
logic appearance and also has very few fossils. Nodules of black 
chert are found in this dolomite and also a remarkable development 
of cryptozoon reefs. 

The first beds of the Ordovician are those of the Beekmantown 
limestone. All of the divisions of the Beekmantown are found in the 
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towns of Orwell and Shoreham, immediately northwest of the end of 
the Taconic Range. The formation consists chiefly of limestone with 
numerous beds of dolomite. Fossils are very numerous in some parts 
of the formation, and there are many peculiarities in the lithology in 
the limestone layers. Most of the limestones have a bluish color where- 
as the dolomites are light or dark gray. Some of these beds are seen 
along the Champlain overthrust wMt and northwest of St. Albans. 

The Chazy limestone, which follows the Beekmantown, is also com- 
posed mainly of bluish limestone and fine gray dolomite. The dolo- 
mite also has lighter colored layers and some which weather with pe- 
culiar chamois-colored surfaces. The formation carries many fossils 
which serve to distinguish it from the Beekmantown. There is some 
uncertainty about the age of some dove-colored limestones which have 
been assigned both to the Chazy and to the Beekmantown. 

The Sudbury marble, which outcrops in the town of Sudbury at 
the northwest end of the Taconic Range, appears to be of Chazy age, 
although it has no fossils. It rests upon the Beekmantown and it 
underlies limestone of Trenton age, being only separated from the 
latter by a heavy bed of gray dolomite. ITie marble is, for the most 
part, snow white but contains also a few cream colored beds of fine 
dolomite. It is possible that these three formations belong in the 
Central sequence instead of the Western, but this is still in doubt on 
account of the prevalence of thrust faults in that district. 

ITie Trenton, which normally follow's the Black River, is best de- 
veloped in Western New York. In the Schuylerv-ille region of New 
York, which joins this region on the southwest, the Trenton is possibly 
represented by the upper part of the Normanskill shale which includes 
at the top the Ryesdorph conglomerate member, and also by the Snake 
Hill formation. The greater part of the Normanskill shale is regarded 
as of ( hazy age. All of these shales are gray or dark, with interlicdded 
layers of sandstone and cherty slate, and contain fossils, chiefly grapto- 
lites. 

The Hy<le Manor limestone, occurring near the north end of the 
Taconic Range, contains a good brachiopod fauna of Trenton age, 
entirely different in aspect from that of the shales of the same age at 
the west and southwest. This limestone has a decided blue color and 
consists of massive beds interlayered with thin slabby strata. Con- 
siderable schistosity is evident in this limestone an<l it is strongly 
folded, which facts support an assignment of the formation to the Cen- 
tral sequence. Fossils are rather common, however, which tends in 
an opposite direction toward the Western sequence. 
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Lying above the Hyde Manor limestone is the Hortonville slate, a 
dark or black slate with portions which are sufficiently altered to be 
called phyllite. There are also in the slate a few small seams of 
siliceous material giving a local banded appearance. As a rule the 
bedding is obscured by the cleavage. This is well exposed around 
Hortonville, Vt., and, though unfossiliferous, is correlated with the 
Snake Hill formation of New York. 

CENTRAL SEQUENCE 

The Central sequence is exhibited in two general areas, as shown on 
the correlation chart. The lower half of the column is the same for 
each area, but the upper half differs materially. Some differences 
are due to unconformity and overlap which produced Middle and 
Upper Cambrian beds found only in the St. Albans region. Also, 
in the St. Albans region there are two Ordovician formations which 
doubtless have been eroded from the Burlington region, owing to the 
greater depth of erosion there. The section passes from a quartzite at 
the base through dolomites and marbles and into slates at the top. 

Monklon quartzite.- The sequence begins with the Monkton (luart- 
zite, of Lower C'ombrian age. This is setm in Burlington m quarries 
and natural exposuKis, and is one of the best key rocks of the region. 
The original thickness of this fonnation is not known nor what beds 
might precede it, because the base is cut off on the C'hamplain over- 
thrust. The formation appears on several faults and folds in the 
township of JVlonkton, 17 miles nearly south of Burlington, from which 
the formation is named, but m no place is anything lower than the 
Monkton exposed. In that town the liower ('ambnan Cheshire 
quartzite is brought in contact with the Monkton on the Monkton 
overthrust, which there separates the ('entral and Eastern sequences. 

The Monkton conHisLs very largely of a dense, fine-grained quartzite 
whose notable feature is its strong color. Red colors prevail, including 
all shades from brick red, brown, and bulT, with a few beds of pure 
white quartzite. None of these beds is traceable for any considerable 
distance. The top of the formation has mterbedded layers of a tough, 
fine dolomitic marble, also rather highly colored with red or pink. 
These beds are of the same composition as those of the overlying 
Winooski marble and make a transition between the two formations. 
A few Ijower (Cambrian fossils have been found in the uppermost layers 
of the Monkton but are rarely to be seen until the thin slabs of quart- 
zite have been exposed to the weather for a considerable pieriod, thus 
leaching out a calcareous cement and permitting the interior structures 
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to be exposed. Cross-bedding, ripple marks, and trails of anim a ls 
are numerous in the formation, showing that it was produced in shallow 
waters. 

The Monkton quartzite is eroded very slowly so that it forms moun- 
tains or high hills, by which its course may be readily traced. It is 
considerably dissected by faults, so that the quartzite forms few con- 
tinuous ridges but rather a lot of irregular, elevated tracts. This re- 
lation is very well seen around Mt. Philo in Charlotte, 14 miles south 
of Burlington . The moat notable of the Monkton quartzite mountains 
is Snake Mountain, 6 miles northwest of Middlebury, which is a remnant 
of the Champlain ovcrthrust plate, lying on Ordovician shale. West 
of this lie the low limestones and shales of the Western sequence, while 
east of it are other limestones of the same sequence, appearing through 
a great fenster in the overthrust. The rigidity of this formation and 
its ability to carry on the overthrust plate is well exhibited in this 
region. 

W%nooaki marble.- -This formation consists of very massive, tough, 
and thick-bedded dolomit/C with the basal passage beds already men- 
tioned. The formation is marked by the strong reds, browns, and pinks 
like those seen in the Monkton. Some layers have these colors strongly 
mottled with buff or white in very irregular patterns and have long 
been used for ornamental marble. The original quarry was on the 
north bank of Winooski River at Burlington, and the principal quarries 
are in Swanton, six miles northerly from St. Albans. The mottled 
marble there abuts against the C'hamplain ovcrthrust and forms a 
striking contrast with the light marbles of the Chazy and Beekmantown 
on the other side of the fault. The beds of the Winooski marble resist 
erosion very strongly and outcrop freely, thus furnishing a fine key 
rock. There is some interbedding between the Winooski marble and 
the overlying gray dolomite of the Mallett. A minor peculiarity of 
the Winooski is the series of very thin siliceous seams which project 
in wavy lines from the surface of the massive dolomite. Fossils are 
extremely rare in this marble but a few have been found. The strongly 
mottled beds seem at first glance to be fossiliferous, but probably are 
not. 

Mallett dolomite . — This dolomite is exposed in the bluffs around 
Mallett Bay northwest of Burlmgton. Excepting the few basal pas- 
sage beds the formation consists mainly of massive light or dark gray 
dolomite. With this are interbedded seams and layers of dolomitic 
sandstone which in the northern part of the region expand to form 
quartzite beds as much as 10 feet thick. These are most prominent 
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north of St. Albans, and their white reefs stand in relief above the 
dark gray dolomite. This is very striking near the Canadian bound- 
ary where the quartzite beds are cut off one after another against 
the Champlain overthrust. A few fossils of Lower Cambrian age 
have been found in this formation, mostly in slabby layers in its upper 
part. The dolomite resists erosion, especially in its quartzite b^, 
and makes considerable ndges separated by dnft-filled valleys. 

Parker slate . — This formation is named from its excellent exposures 
around the sides of the Parker Cobble and on the old Parker farm. It 
there contains large numbers of Ixiwer Cambrian fossils and is the 
celebrated locality from which Walcott was able to make his first 
analysis of the Taconic system of Emmons and demonstrate the exist- 
ence of beds older than the Upper Cambrian. It has long been the 
most important Cambrian formation of the region. This formation 
is the same as that previously called “Colchester” by the present 
author and is renamed because of the poor exposure of the formation 
in Colchester and, indeed, anywhere south of Parker Cobble A full 
section of the formation is exposed at Parker Cobble together with 
the overlying and underlying formations. 

The formation consists mainly of slaty shale which is dark gray or 
slightly color bunded and which contains considerable original mica. 
This mica permits the layers to be split readily and the fossils to be 
uncovered. There are also in the formation a few sandy layers and 
some lenses a few feet thick of a gray dolomite which weather with a 
prominent brick-red surface. A notable feature in the slate appears 
about seven miles north of St. Albans m the form of massive, blunt 
lenses of blue limestone surrounded by the slate. These have the same 
form and relations as the limestone reefs of the Upper C'ambnan 
Highgate slate. 

The formation represents a sharp change in lithology from the 
preceding dolomites, and no interbedding has been noted. The top 
of the formation, however, is marked by a decided unconformity, by 
which the formation is reduced to almost nothing from a maximum 
thickness of perhaps 100 feet. The unconfonnable contact of the 
overlying Milton dolomite upon the Parker slate is well exposed a few 
yards north of the highway from St Albans to St. Albans Bay, and also 
about one-half mile south of the same highway. At the locality north 
of the highway the Milton consists of dolomite conglomerate con- 
taining large boulders of dolomite and slabs and pebbles of the fossilif- 
erouB Parker slate. The fossils both in the pebbles and in the matrix 
were determined by Schuchert to be of Lower Cambrian age. South 
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of the latitude of Burlington there are no known exposures of this 
formation. There are numerous localities, however, where it may be 
present but concealed by glacial drift. 

The slate is a weak formation and is only rarely exposed at the valley 
margins. A good expKtsure of this is seen in a pit for road material 
about one mile northwest of Highgate Center, where some 20 feet of 
slate containing Lower Cambrian fi^sils are exposed. Above the 
slate and forming the crest of the hill on the east lies the Milton dolo- 
mite, there consisting mainly of dolomite conglomerate. Between the 
two formations there is a distinct unconformity, on which beds of both 
formations are cut out. North and northeast from this locality at 
scattered points in the minor valleys there are other outcrops of 
slate, probably Parker. 

Milton dolomite . — The Milton as here defined is characteristically a 
dolomite, but it is one of the most variable formations in this region. 
It varies in thickness from perhaps 700 feet down to 8 or 10 feet, and 
it varies in character from massive gray dolomite, fine and coarse- 
grained, thick liedded and slabby, through sandy dolomites and quart- 
zites to a coarse dolomite conglomerate. In the upper part of the 
formation, and only where it is thick, considerable black chert is found 
in the dolomite. 

The rocks just mentioned are th<»3c which are usually seen in the 
Milton, but there is an apparent component of the formation which is 
very rarely visible, i.e., a series of slate layers interbedded with the 
other rocks. They have thus far been found in full only in the section 
below Highgate Falls. At extreme low stages of the River a con- 
siderable section is exposed which is not ordinanly visible and in this 
are found numerous layers of slate. These slates have the same char- 
acteristics as the Parker slate, but a few fossils were found in them, 
which are stated by Schuchert to be of Upper Cambrian age, thus 
classing them with the Mill River conglomerate. Numerous minor un- 
conformities were brought out between the slates and the conglomer- 
ates and sandstones of the Milton, which emphasizes clearly their 
torrential nature. This general conglomeratic nature is also charac- 
teristic of the Milton as here defined in practically all of this area and 
is most prominent from the latitude of Milton northward to Canada. 
In some places these dolomite conglomerates consist of angular frag- 
ments of all the kinds of rock which appear as layers in the formation, 
and thus may be properly classified as intraformational. The coarse 
basal conglomerates, however, which carry boulders 3 or 4 feet in 
diameter, and many rounded fragments of dolomite as well as slabs 
of Parker slate, are not intraformational. 
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In the original definition of the Milton by the writer the formation 
included at the top about 80 feet of conglomerates, some of them dolo- 
mite conglomerates and others largely of limestone, with a few feet 
of very fossiliforous limestone containing many Upper ('ambnan fos- 
sils. The general conglomeratic habit of these upper beds was the 
same as that of the beds below, and for lack of decisive evidence the 
lower part of the formation was also included in the Upper Cambrian. 
Since that time Middle Cambrian fossils have lieen discovered by 
Howell in the St. Albans region in the St. Albans slate, which under- 
lies the Mill River conglomerate and Highgate slate and overlies the 
Milton dolomite. Since the discovery of the Middle Cambrian forma- 
tion the author has mapped the region in detail and has continued the 
tracing of the Middle Cambrian beds, so that the position of much of 
the original Milton beneath the Middle Cambrian is assured. The 
upper part of the original Milton seems clearly of Upiier C’ambrian 
age, and it is excluded from the Milton as here defined, and is named 
Mill River conglomerate. 

Shelburne marble . — This formation consists almost wholly of white 
marble of fine and medium gram with a few’ layers of light colored 
dolomite. The formation is exposed for only a few miles north of the 
latitude of Burlington, being there faulted out and eroded Southeast 
of Burlington, and particularly m the township of Shelburne, from 
which it is named, the formation becomes prominent and occupies 
several parallel belts. From this point southward the marble is almost 
eontinuous and is only interrupted for short distances by changes in 
the folds. It is represented in the Eastern sequence by a marble 
formation of the same character which is almost continuous through 
the quarry region of Middlebury, Brandon, Proctor, and Danby. In 
all these places the marble is overlain by the Williston limestone, but 
between them there is a very important unconformity. In the St. 
Albans region between the horizons of the Shelburne and the Williston 
there appear the St. Albans slate, the Mill River conglomerate, and 
the Highgate slate. The basal contact of the Shelburne with the 
Milton dolomite is very seldom seen, but apparently there is a transi- 
tion between them. 

The Shelburne marble contains no fossils so far as is known, but it 
is uniform and is a regular unit in the Lower Cambrian succession of 
the eastern part of the Valley. It also occupies the same position 
in the Lower Cambrian Eastern sequence. Assignment of the Shel- 
burne to the Lower Cambrian is also supported by the presence of 
white marble boulders in the conglomerates of the Upper Cambrian 
in most of their exposures. 
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St. Albans slate . — Middle Cambrian fossils were found in this 
formation by Howell at the west border of the city of St. Albans, after 
a thorough search which was prompted by the statement in the literar 
ture that Middle Cambrian fossils had bi^ found in St. Albans. By 
careful work Howell discovered several other localities for the Middle 
Cambrian and also for Upper Cambrian fossils in the overlying High- 
gate slate. These beds have been traced by the writer into the western 
part of the township of Milton. Apparently they are cut out a few 
miles south of Highgate Center between the Milton dolomite and 
the Highgate slate. There is, however, a fair prospect that they can 
be identified in one of the beds of slate which is exposed only at low 
water below Highgate Falls. The formation contains only slate, 
which is dark gray and locally banded, and is micaceous like the 
Parker slate. 

Mill River conglomerate . — This formation is one of the most interest- 
ing in this region, although it is one of the smallest. It is seen at 
St. Albans resting on the Middle Cambrian slate, and also in fine ex- 
posures at Missisquoi River just below the falls at Highgate C'enter, 
9 miles nearly north of St. Albans The formation is of Upper Cam- 
brian age, and an abundant fauna is secured from some of its limestone 
layers. The fossiliferous beds form slabs an inch or two thick which 
are ^'ery characteristic, and their fragments appear as angular slabs 
in the later conglomerates. When the beds were first descrilied by 
the writer they were included in the Milton dolomite because each 
formation was notably conglomeratic and because no fossils were 
known in the lower part, of the Milton. The later discovery of the 
Middle Cambnan slate compelled the separation of these two forma- 
tions, and the name “Missisquoi” was given to the conglomerate as 
the only name that seemed available. Unfortunately, it had been 
used in another sense for several Cambrian formations east of the 
Green Mountains and thus should not be used here. The name Mill 
River had already l)een selected by Howell and the writer for a con- 
glomerate three miles southwest of St. Albans, which was later shown 
by the writer’s detailed tracing to be the sjime formation. At the Mill 
River section the Middle and Upper C’ambrian beds are exposed and 
contain fossils. 

This formation is characteristically a conglomerate, and the fossil- 
iferous limestones are only a small part of the formation. All of the 
conglomerate beds contain angular fragments of dolomite, sandstone, 
and quartzite, such as are foimd in the older Milton dolomite. Several 
layers also contain fragments and boulders of blue limestone and white 
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marble, many of which exceed 3 feet in diameter. The marble ap- 
pears to have been derived from the Shelburne marble, which is the 
only rock of the sort which can be older than Upper Cambrian. The 
blue limestone boulders resemble some of the limestones of the Ordo- 
vician, but they resemble equally well the blue limestones found 
in the reef deposits of the Lower Cambrian Parker slate, found a few 
miles southwest of Hifd^gate Center. In the original description of 
the conglomerate.8 by the writer it was noted that they strongly 
resemble tillites. No scratched pebbles have been found in the 
formation, however, and that question must remain in abeyance. 

The conglomerate outcrops freely and forms low ridges, but it is 
doubtless covered in many regions by the glacial drift. Many good 
sections, however, fail to show' the conglomerate, so that it is not con- 
tinuous throughout the region. This conglomerate bears a very strong 
resemblance to the Lower Ordovician Corliss conglomerate, which is 
quite natural in view of the derivation of the boulders from the same 
sources. The Corliss, however, contams pebbles of uppermost Cam- 
brian (“Saratogan”) age. The difficulty of separating the two is most 
considerable for a few miles from Highgate Falls south to Skeels 
Comers, for the Mill River conglomerate together with a part of the 
Milton dolomite is repeated by a thrust fault and now lies on top of 
the Highgate slate. The thrust fault is well exposed in the gorge at 
Highgate Falls. Similarly fine exposures of the formation are seen 
from one to two miles west of Georgia Center, resting on the Milton 
dolomite. 

Highgate slate . — This slate rests upon the Mill River conglomerate 
in the gorge at Highgate Falls, and is named from that loeality. Most 
of the formation is exposed between the conglomerate and the thrust 
fault above mentioned, and consists in the mam of dark gray or bbick 
slate, usually w ell banded and with pronounced cleavage. Some layers 
might properly be called phylhte. The bandmg is so regular that its 
resemblance to glacial varves has already been noted and the glacial 
origin of the slate discussed in comiection with the underlying conglom- 
erates. In addition to the usual banded slate several beds of dolomite 
a foot or so thick are found in the lower part of the slate. These are 
tightly folded and in places tom apart, thus giving a better idea of the 
great deformation of these rocks than is obtained from the slates. In 
the upper part of the section in the gorge there are numerous sandy 
seams from 1 to 2 feet thick which appear in the slate a few miles to 
the south. The highest part of the slate comes in alxiut one-half 
mile to the north of the gorge in the outskirts of Highgate Center. 
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There and at numerous localities up to the Canadian border the slate 
is interbodded with thin layers of blue limestone and gray dolomitio 
limestone. These give a strongly striped appearance and in a good- 
sized ledge are plainly visible at a distance. Strong folding has magni- 
fied the apparent size of the formation, which seems to be 500-600 
feet thick. 

A remarkable phenomenon in the Highgate slate is the development 
in many localities of large masses of limestone entirely surrounded by 
the slate. They occur usually in the upper part of the formation 
above the horizon of limestone layers above mentioned. They are 
found from Canada southward nearly to Burlington. They resist 
erosion more than the surrounding slates and hence form prominent 
points in the landscape, resembling gigantic turtles. The maximum 
size so far found is about 200 feet long and 80 feet wide, and they 
project from 10 to 20 feet above the general level. Numerous contacts 
with the slate have been found and the ends of the limestone bodies 
are very blunt and rounded so that they give the effect of having pushed 
aside the slates during their growth. The slates pass above and be- 
neath the margins of the limestone bodies and can be seen completely 
surrounding the small bodies. Tliey occur in clusters as well as indi- 
vidually, a relation which is \ery well seen about two miles northwest 
of Georgia ('enter. 

These limestone bodies are, for the most part, made up of massive, 
dense blue limestone without any visible structure. In the large 
masses, however, there is apt to be a portion of the mass showing a 
subdi\ision of the blue limestone into roughly rounded bodies sepa- 
rated by narrow zones of brownish impure limestone and also a second- 
ary quartz partly filling the spaces between the limestones. These 
rounded areas of blue limestone are the cross sections of columns which 
stand nearly vertical and can be seen in solution cavities to extend 
down at least 5 feet from the surface. The most notable example is 
2 miles w^cst of north from Georgia. It is evident from these expo- 
sures that the structure of these limestones is not due to any sedimen- 
tary process, but is the result of some reef-building organism. ISome 
of these reefs appear to have persisted to the end of the Highgate de- 
position, for they are directly overlain in places by the Corliss con- 
glomerate, and appear to have furnished much local material for the 
conglomerate. A good example is also seen 2 miles nearly west of 
Georgia Center. 

Upper Cambrian fossils were found by Walcott in this formation, 
and others were found by the writer in thin limestone seams in High- 
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gate Center. The latter were decided by Walcott to be of Upper 
Cambrian age. The formation runs in a continuous belt from the 
Canadian border to the latitude of Burlington, where it is cut off by the 
Hinesburg overthruat. There is no known contact between the High- 
gate and the next younger formation, the Williston limestone. The 
two lap past each other for a few miles east of Burlmgton but they ap- 
pear in different folds, so that the exact nature of the contact is undeter- 
mined. In and south of that tract, however, the Williston rests upon 
the Lower Cambrian Shelburne marble, and the Highgate, Mill River, 
and St. Albans formations are absent. Since these formations repre- 
sent the Middle and Upper (^ambrian, there is a great hiatus between 
the Williston and Shelburne formations. 

Williston limestone . — This formation is named from its exposures 
in the western part of the township of Williston about 5 imles south- 
east of Burlington. It is cut off at the north in Milton by faulting 
and erosion but extends southward to the limits of the Central sequence. 
It also appears in the ea.stcm .sequence and forms a practically contm- 
uous belt in the western part of that sequence southward through 
Vermont. It contains fossils in its outcrops in Williston and South 
Burlington, and also about a mile west of Brandon m the Central se- 
quence which were pronounced by Schuchert to be of Upper (’am- 
brian (“Saratogan”) age. 

The formation consists of a thick series of bods of hard gray dolo- 
mite and of blue limestone largely altered to marble. The beds are 
from a few inches to a few feet thick and are greatly disturlied. The 
hard dolomite layers are folded and broken apart into segments, imd 
the marbles are mashed and squeezed mto the gaps and spawns between 
the dolomite bodies. It is only m the few layers of dolomite and lime- 
stone which arc least disturbed that the fossils arc found. The Wilhs- 
ton is an important formation but its thickness can only be estimated 
roughly on account of the great deformation which it has suffered. It 
covers broad areas, however, and is doubtless as much as 500 or 600 
feet thick. The contact of the hmestone with the Shelburne marble 
is a sharp one and the change m sedimentation is very marked. Prob- 
ably half of the Williston consists of dolomite, while the Shelburne 
marble has very little. The repeated change from dolomitic to cal- 
careous beds m the Williston is in great contrast with the even de- 
position in the Shelburne. 

Corliss conglomerate . — This conglomerate, like the Mill River con- 
glomerate, is one of the striking and important formations of this 
region. It rests upon the Highgate slate and forms a series of lenticu- 
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lar deposits between the Highgate and overlying Georgia slate, at 
intervals from Canada to their end, five miles south of St. Albans. 
There is little difference in appearance between these two conglomerate 
formations, but their stratigraphic associations differ widely. The 
Mill River contains Upper Cambrian fossils and fossiliferous pebbles 
of the Lower and Upper (Cambrian. The Corliss contains the same 
Cambrian pebbles, and also some of “Saratogan" age which were found 
at the Corhs-s Ledge, 5 miles northeast of St. Albans. These "Sara- 
togan” forms show the (.'orliss to be post-Uppor Cambrian, as they are 
the same as fossils found in the Williston limestone. The conglomerate 
is overlain by the Georgia slate, which contains fossils immediately 
above the contact and at a still higher horizon. The “Saratogan” 
fossils of the Williston limestone and its pebbles m the Corliss con- 
glomerate were determined by Schuchert. He also made a prelimi- 
nary assignment of the Georgia slate to the post-Beekmantown part 
of the Ordovician. On further consideration he now considers the 
Georgia slate to be of Beekmantown age. This automatically assigns 
the Corliss conglomerate to the early part of the Beekmantown. 

The Corliss conglomerate consists in the main of pebbles and boul- 
ders of various limestones, marbles, and dolomites, most of them being 
limestone. The thin slabs of fossiliferous Upper Cambrian limestone 
derived from the Mill River conglomerate are numerous and conspicu- 
ous. Fossiliferous pebbles of Lower Cambrian limestone are occa- 
sionally found, and one boulder of blue limestone with apparent cryp- 
tozoa lies in the conglomerate at Marye ledge two miles south of St. 
Albans. A limestone boulder 60 feet long and about 30 feet wide was 
found in the conglomerate 4 miles north of St. Albans. In the same 
exposures there were many boulders up to 5 or 6 feet in diameter. 
In the original description of this region by the writer the very strong 
resemblance of the Mill River and Corliss conglomerates led to their 
description as one formation — ^the “Swanton conglomerate.” Later 
detailed mapping and study showed that there were two conglomerates 
and that the Mill River — the older one— was placed by thrust faulting 
south of Highgate C’enter in the position of the Corliss on top of the 
Highgnte slate, thus causing the confusion of the two. 

Georgia dale.- - This formation is the youngest known in the sequence 
and outcrops continuously from the Canadian border to the northern 
part of the township of Georgia, 6 miles southerly from St. Albans. 
The formation consists almost wholly of slate of a ^rk gray color and 
is fine-grained. It is strongly cleaved and usually not well banded, 
and the structure and thickness of the slate can only here and there 
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be determined. The formation occupies an area which widens to 3 
miles at the Canadian boundary. It is probably 1,000 feet or more 
in thickness. A very few limestone beds are found in this slate and 
in one of them, 4 miles northeast of Hi^hgate Center, were found the 
fossils of Reekmantown age already mentioned. The bottom layers 
also contain fossils of the same age, near the Canadian border. 

The only change from the usual type of slate in the Georgia appears 
in its northeastern [lortions where there are massive and thick bedded 
layers occasionally sandy in texture. These have a whitish color on 
the weathered surfaces. Most of the slates are very similar to those 
of the Highgate and the two can scarcely be separated without fossils. 
Where the Highgate contains numerous limestone beds or the lime- 
stone reefs the two formations can be distinguished. Wherever the 
Corliss conglomerate is found it furnishes a satisfactory means of 
drawing the boundary of the Georgia slate. In the wider northern 
areas of the slate there are found here and there ledges of the con- 
glomerate, some of them of considerable size. The structural rela- 
tions of the slate to these conglomerates can not now be determined. 

(To be concluded) 

BOTANY.- -iVewj Central American Atderaceae collected by H, H. 

BartletU S. F. Blake, Bureau of Plant Industry. 

Study of the specimens of Asteraceae (except Eupatoricae) collected 
by Prof. H. H. Bartlett in British Honduras and Guatemala during 
the 1931 expedition of the Carnegie Institution and the University 
of Michigan has brought to light three new species, ns well as a new 
genus represented by a pliuit long ago described by Bentham as an 
Oliganthes. These are described below, and with them a new Aplopap- 
pus collected in Tamaulipas by Prof. Bartlett in 1930. 

Harleya Bbke, i^n. nov. 

Capitula humognma tubuhflora Involucri oblongo-turbinati phyllaria 
multisenuta gradata .sicca cuspidato-acuinmata erecta Rcccptaculum par- 
vum nudum planiusculum leviter alveolatum Corollae rogulares aequalcs, 
tubo cum faucibus infundibuliformi, limbo 6-fido Anthorae baae alte sogit- 
tatoc, aunculis obtuma eca»dati.s Styli rami siibulali hirtelli Achema 
turbmata 4-5-co8tato-angulata saepius costis 1-5 minonbus praedita inter 
costas glandulari-papillosa. Pappus coroniformm cartilagineus craasus ob- 
scure crenatus — Herba percnnis siibsimplex bipedalis stolomfera, foliis 
altemis petiolatis ovalibus vel rhombico-ovalibus pcnninerviis repando- 

' Received May 20, 1932 Baoed (in part) upon collertions made by an expedition 
of the Herbarium and the Muaeum of Zoology of the University of Mu higan collaborat- 
ing with the Department of Historical Reacareh of the Carnegie Institution of Washing- 
ton in a biologiral survey of the Maya area 
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Fig. 1 —Ilarkya oxyUpia (Benth ) Blake — o, upper part of plant, X 1/2; b, plant 
with runnere, X 1/2; e, head, X 3; d, corolla, X 3.6; e, achene, X 9; /, atamena, X 9; 
g, atyle branchea, X a Fig b from BartUU 13142; other figurea from BartUU 12042. 
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dentioulatls supra glabris subtus dense albido-tomentosis, capitulis medio- 
cribuB parvis 8-^floria subsessilibus in oymulas parvas densas brevipeduncu- 
latas tenninales et e axiUis auprentis oiientes aggregatis, corollis purpureis. 
Specks typioa Ohganthes oyxlepta Benth. 

Harleya ozylepis (Benth.) Blake. 

Oltgantha oxylepis Benth.; Benth. & Hook. Gen. PL 2 : 233. 1873; Blake in 

Standi. Contr. U. S. Nat. Herb. 23: 1418. 1926. 

Yucatan (or Tabasco): E. P Johnson 21 (type coll.: photog and frasm. 
in U. S. Nat Herb., ex herb N. Y. Bot. Card.) 

Bbitibh Honduras: Cooquericot, El Cayo District, 16 March 1931, 
Bartlett 12042; Tea Kettle, El Cayo District, 12 May 1931, BarOett 13142.— 
The habitat is ^ven as follows: AUuviaI soil on river banks, sevcr^ feet above 
water but subject to occasional overflow, only flowering, apparently, if in 
good light (Bartlett in hit.). 

This interesting plant was briefly diagnosed by Bcntham in 1873, in his 
discussion of Oliganthee in the Genera Plantarum, in the foUowmg words: 
**. . in altera (0. oxyleptde, Benth.) ex Yucatan Amencae centralis E P. 
Johnson n, 21, capitula 8-flora, pappo plane nullo, folia in hao dentata, in 
caetens integerrima.” Dr. H. A. Gleason, in his first revision’ of the North 
American Vemonicae, retained it m Ohganthes, with the statement that ho 
had seen no specimens, but in his treatment of the tribe in the North American 
Flora (33: 102. 1922) excluded it without otherwise accounting for it. 
Some years later, havmg found a sheet of the type collection among some 
specimens sent me for study from the New York Botanical Garden, I pre- 
sented a description in Standley’s “Trees and shrubs of Mexico,” The ex- 
cellent specimens collected for Dr. Bartlett agree perfectly with the original 
collection and show that the species can not bo rctamed in Ohganthes, but 
must be made the type of a new genus most closely related to Struchtum 
{Sparganophorus ) . 

The genus Ohganthes, which has received several synonyms, was originally 
described by Cassmi (1817 and 1818) and based on a plant (0. tnjlora Casa.) 
said to have been collected in Madagascar by Commerson Recent authors 
have considered the original habitat erroneous, and in both Hentham and 
Hooker’s Genera Plantarum and O. Hoffmann’s treatment of the family in 
Engler Prantl's Nattirlichen Pflansenfamilion the genus is reported from 
America only Humbert, however, in his study of the Compositoe of Mada- 
gascar, mentions not only the original specimen of Commerson but also re- 
cent collections by Perrier de la Bathie and Scott Elliot. No specimens of 
the Madagascar plant are available to the writer, and it seems necessary for 
the present to follow the course of all recent authors and consider the Mada- 
gascar species congeneric with the American species currently referred to 
the genus. A recent study of these, and of the very closely related and 
perhaps not satisfactorily separable current genera Piptocoma Cass, and 
Ekmania Gleason, has shown that Ohganthes oxylepis Benth. can not be 


• Bull. N Y Bot Gard. 4 : 236 1906 
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retained in OUganthes. All the true apeeies of OUganlhes are shruba or trees, 
with small or very small heads aggregated In dense terminal corymbiform 
panicles. Their pappus is typically double, the outer of numerous usually 
persistent squamellac, free or united into a crown, the inner of 2-13 deciduous 
often twisted linear paleae; sometimes simple, of squamellae only, these free 
and very small or larger and united into a lacerate crown; in one species (0. 
condermta) the pappus is sometimes wanting (?). The species of Ptptocoma 
and Ekmania are also woody, with somewhat larger and more loosely ar- 
ranged heads, but with similar pappus 

Oliganthea oxylepta, as contrasted with the true species of the genus, is a 
low perennial herb bearing leafy stolons from the lower or sometimes even 
from the uppermost axils The heads are larger and very much leas nu- 
merous, and the involucre is composed of very numerous cuspidate-acuminate 
phyllaries The short, thick, somewhat turbinate achenc is unequally and 
Bubalately 4-^anglcd and usually with 1-5 weaker ribs, and obscurely glan- 
dular-papillose between the ribs; the thickened, cartilaginous, obscurely 
crenulate, annular pappus is 0 3-0 5 mm high and about a third to a quarter 
as long as the achenc Its herbaceous habit and cartilagmous annular pappus 
remove the species very definitely from the Oliganthea group and place it 
next to Struchxum P. Br. {Sparganophorua Gaertn.), a monotypic genus of 
tropical America and Africa In that genus the tiny corollas arc only 3-1- 
toothed, the achenes 3 4-aagulate-nbbed, and the anther base^i acuminate. 
It IS consequently necessary to place 0. oxylepta in a new genus, which I have 
much pleasure in naming HarUya m honor of Prof. Harley Hams Bartlett, 
whose labors in various fields of American and foreign botany have been 
numerous and fruitful. 

Aplopappus bartlettii Blake, sp. nov 

Herba perennis pedalis dense glandulari-pubcscens et patenti-pilosa, 
rhisomate tenui repente; caules suberecti pauUum ramosi dense foliosi, folia 
uniformia spathiilata sessilia subintegra ca 3 cm longa 8 mm lata obtusa 
1-nervia utnnque viridia, capitula longe pedunculata mediocna flava radiata 
solitana terminaha et in axillis supenonbus; involucn 8 mm alti gradati 
phyllana linear-lanccolata longe acuminata, radii ca. 19; achenia compressa 
lU-costata hispidula, pappi straminei setae ca. 20 subequales achcnio duplo 
longiores 

Plants 20-30 cm high, the stems erectish or ascending, scattered on slender 
running rootstocks, often short, only 4-10 cm. high, terminated by a single 
head and continued by 2 or 3 branches from near the apex, these branches 
sometimes similarly terminated and prolonged; pubescence of short hairs 
about 0.5 mm long, tipped with dark glands, and of long white hairs about 
2 mm. long, all wide-spreadmg; leaves 2 5-3 5 cm. long, 4-10 mm. wide, ob- 
tuse, apicuTate, narrowed to the rounded scarcely or not claspmg base, erectish, 
pubescent like the stem and dilate, entire or with one or two small blunt or 
acute teeth on each side, 1-nervcd and sometimes with an obscure pair of 
lateral nerves; peduncles monocephalous, naked, 4-8 cm. long, very slender, 
pubescent like the stem ; heads about 1 .5 cm. wide ; disk equaling involucre, this 
turbinate-hemisphcnc, 4-5-seriate, not strongly graduate, reflexed in age, the 
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outer phyllAriee with herbaoeous center and narrow ecanoue margin, the inner 
mainly Bubscarioua, with narrow green midhne; rays yellow, fertile, m age 
purplish outside, pilose toward tip of tube and on back of lunb below, the 
tube 3 mm. long, the lamina nearly linear, 3-denticulate, 3-4-nervcd, 6 5 mm 
long, 1.3 mm. wide; disk flowers about 50, fertile, yellow, their corollas gla- 
brous except for a few short hairs on the teeth, 4.5 ram long (lube 1 8 mm , 
throat slender-funnelform, 2 mm , teeth ovate, 0 7 mm long) , achenes of 
ray and disk similar, obovate-nblong, somewhat compressed, 1 5 mm long, 
rather sparsely hispidulous; pappus l-senato, 4 5-5 mm long, of stiffish es- 
sentially equal finely hispidulous bristles, anthers subentire at base, with 
short linear-subulate terminal appendages, style branches 0 8 ram long, 
the oblong stigmatic region 0 5 mm long, the narrowly triangular acuminate 
hispidulous appendages 0 3 mm. long. 

Mexico; Above Im Vegonia near San Josd, Tamnulipas, alt. 1000 m , 
3 July 1930, Bartlett 10046 (type in herb. Univ Michigan) 

That plant is perplexlngly intermediate between Aplopappun and Chrys- 
opats. In appearance and practically all features except the pappus it agrees 
with Chryaopata, particularly with C. ptloaa Nutt. The stnctly l-senate 
pappus, however, makes it necessary to refer it to Aplopappua, where the 
only section that can receive it is laopappua The two species referred to 
that section in the late Dr H M Hall’s monograph of “Haplopappus” are 
both annuals and too different from A. bartlettii to require detailed com- 
parison Chryaopaia piloaa, although very similar in general appearance, is 
an annual and has a strongly differentiated outer pappus, broadly obovoid 
achenes, and various other distinctive characters. 

Wedelia adhaerens Blake, sp nov. 

Herba verisim. erecta dichotomo rsmosa, caulis dense hamato-hispidulus 
sparsissime hispidus; folia remota ovalia vcl ovali-ovata acuta basL late 
rotundata mconspicuo serrulata triplinervia chartacea aspere pubescentia; 
capitula parva radiata aurea apice caulis et ramorum temata sublonge 
pedunculata; involucn ca 3-seriati subaequalis ca 7.5 mm longi phyllaria 
ovato-lanceolata ocummata hispido-stngosa et stngillosa supra medium 
herbaoea suberecta, pappus cyathiformis longe stipitatus. 

Apparently herb^ous, 0.5 m. high and more; stem slender, 2 5 mm. thick, 
densely hispidulous with short mostly spreadmg hamate hairs and especially 
below sparsely hispid with ascending hairs, leaves opposite; petioles 1.2 mm. 
long, hamate-hispidulous and rather densely hispid, blades of larger leaves 
3-3.5 cm. long, 1.5-2 5 cm. wide, remotely and obscurely callous-serrulate 
with 4-6 teeth on each side, above dull green, densely and evenly hamate-his- 
piduIouB with spreading hairs, sparsely tuberculate-hispid with antrorse-curved 
hairs, beneath scarcely lighter green but slightly shining, densely hamate- 
hispidulous on surface, on veins and veinlets sparsely antrorse-hispid, triph- 
nerved from near bare and loosely prommulous-reticulate beneath, upper 
leaves and those of branches smaller but otherwise similar, 1-2 3 cm. long, 
^13 mm. wide, heads 1.5 cm. wide, usually m clusters of 3 at tips of stem and 
branches, the peduncles slender, usually naked, pubescent like the stem, 
the terminal one about 1 cm. long, the lateral at maturity 2.6-5 cm. long, 
sometimes bearing a bract and a secondary head; involucre campanulate, 
7.5-9.5 mm. high, about S-senate, subequal or slightly graduate, the two 
outer series of pbyllanes lanceolate to lance-ovate, 1.3-3 mm. wide, densely 
hispidulous aniHess densely tuberculate-hispid with ascending hairs, indurated 
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and whitish about to middle, the acuminate or acute callous-pointed herbace- 
ous tip loosely erectish, pubescent on both faces, the inmost series shorter 
and without herbaceous tip; disk ft-7 mm. high, about 4 mm. thick; rays about 
6, yellow, pistillate, the tube 2 mm. long, essentially glabrous, the lamina 
ovm, 3-denticulate, up to 9 mm. long, 5.6 mm. wide, about 13-nerved, hispidu- 
lous and gland-dotted dorsolly, disk flowers about 12, their corollas yellow, 
essentially glabrous except on the hispidulous teeth, 5 mm long (tube 2 mm , 
throat slender-funnelform, 2 5 mm., teeth broadly ovale, 0.5 mm.); pales 
Bcarious, sometimes purplish, acute or obtusish, sometimes shortly 3-lobed, 
hispidulous-ciliolate on margin and keel above, ray achenes obeompressed, 
plumpish, obovate, subalate-margined, l-nbb«l on inner face, mottled, 
glabrous except at the slightly hispidulous apex, truncate or emargmate at 
apex, 2-calloused at base, 4-4 2 mm long, 2 3-2 5 mm wide, their pappus a 
ciliolatc cup 0.4 mm. high, borne on a usually slender stipe 0 5-4) 8 mm. 
long, the whole 1-1 2 mm. long, readily detergible at maturity; mature disk 
achenes not seen, their pappus (young stage) a lacerate cup 0.7 mm. high, 
connate with 2 awns 1-13 mm. long. 

Guatemala; In logwood swamp, Dos Arroyos, Dept Pet^n, 15 March 
1931, BarileU 12111 (type no 1,540,626, U. S Nat. Herb) 

Nearest Wedeha parvicepa Blake, and essentially indistinguishable as to 
heads and mvolucre, except for their slightly larger sisc. In that species, 
however, the leaves arc ovate to lanceolate, not half as wide as long, the achene 
is only about two-thirds ns long, and its subsessile or short-stipitatc pappus- 
cup, including its stipe, is only half as long 

Melonthera parviceps Blake, sp nov. 

Herba opposite ramosa, caulm quadrangularis brcviter strigosus; folia 
oblongo-tnangularia vel lancoolata acuminata basi cuneata crenato-sorrata 
tenuia utrmque viridm hispidula ct hispido-hirsutn, minonbus saepius leviter 
hast at IS, capitula parvn anthcsi 3-6 mm dinm apice caulis ramorumque 
iiTcgularitcr cymosa-paniculata, peduncuhs saepe 2-^-cephah8; involucn ca 

3 mm. alti phyllaria ovata acutiuscula stngosa et cihata npice breviter her- 
bacca; paleae rcceptacuh brevissime acutatae. 

"Fragile herb, 2 m high, spearnimt-scented,” stem bluntly 4-angled, up to 

4 mm. thick, purplish, rather sparsely short-strigose, pnncipal intemodes 

1- 1.6 dm. long, leaves opposite; petioles slender, hispid-hirsute, 1-4 cm. long, 
the larger narrowly cunejite-wuigcd at apex for about 1 cm. (passing into the 
blade) ; blades of larger leaves triangular-oblong, alioiit 14 cm long, 4-4.5 cm 
wide, short-cuneate at base, cronate-serrate nearly throughout with about 
35 pairs of subequal rounded apiculate teeth about 1 mm. high and about 3 
mm. apart, tnphnerved, lightly prommulous-reticulate beneath, above dark 
green, evenly but not densely hispidulous and hispid-hirsute, beneath scarcely 
lighter green, hispidulous on surface, hispid-hirsutc on veins and veinlets; 
smaller leaves usually slightly hastate at base, more sharply toothed, 7 cm. 
long and 3 cm. wide, or smaller; heads usually in 2’8-4 ’b at apex of stem and 
branches, in fruit 5 mra. high, 6-8 mm. thick, the peduncles strigosc, 1-4- 
headed, mostly 1-5 cm. long, the pedicels usually 0 5-2.5 cm. long; mvolucre 

2- Beruite, subequal, 3-3.6 mm. high, appressed, the phyllaries ovate, acutish, 
callous-tipped, stngose, ciliate above; disk m flower about 4 mm. high, 6 
mm. thick; flowers about 24, their corollas white, hispidulous on teeth, 
3.2 mm. long (tube 0.7 mm., throat campanulate, 1.6 mm., teeth triangular- 
ovate, 1 mm. long), pales hispidulous and sometimes purplish above, 
shortly and rather bluntly pointed, 4.2 mm long (the narrowed tip 0.8 
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mm. long); achenea plump, lenticular, hispiduloua on apex, 2.2 mm. long- 
pappuB oaducoua, of 3-4 (or more?) aubequal alender hispiduloua awna 1.5 
mm. long or leaa. 

British Honoitras: In ravine. Little Mountain Pine Ridge, p:i Cayo 
District, 1 March 1931, Barllelt 11882 (type no. 1,540,623, U. S Nat Herb.). 

Related to Melanihera purpuraacena Blake, of Chiapas, but a much larger, 
coarser, erect plant, with even smaller heads, usually grouped at tips of 
branches, and less pointed pales. 

Calea fluviatilis Blake, sp. nov. 

Fniticulua pedalis, caulcs tenues ramuloai fohosi minute hispiduli glabrcs- 
centes; folia angustissime lineari-laneeolata ca. 2 5 cm. longa 1 5 mm lata 
coriacca remote calloso-serrulata subglabra glanduloso-adspersa, capitula 
diBcoidea parva i:i-flora 3-7 torminaha cymosa, in (leduncuhs ca 1cm longia, 
involucri 4-5 mm. alti phyllana extenora pauca tnangulana supra medium 
vel maxima ex parte herbacoa glanduloso-adspersa intenoribus ovalibiis vel 
ovatia Bubscanoaia apice soepe purpiirasoentibus subglabris uc(]ualia vel 
breviora; pappi paleoe 20 achenns hispidulis subduplo longiores 

Undershrub 25 cm. high, several-stemmed from a thick woody flattened 
caudex 2 5 cm. wide, stems erectish, somewhat tnchotomoiisly branched, in 
age with numerous small branchlets, subterete or subangulate, minutely 
hispiduloua on the younger parts with erectish hairs, glabrescent, leaves op- 
posite; petioles 1 mm. long, blades 1 3-2 8 cm long, 1-2 mm. wide, acuminate 
to each end, obtusely callous-tipped, remotely 2~3-denticulate or serrulate 
on each side with low callous teeth, triplinerved, somewhat revolute-iiiargiucd, 
deep green, dotted on both sides with sessile shining yellowish glands, other- 
wise glabrous or sparsely anil obscurely strigillose beneath, heads about 7 
mm. high, 4 mm thick, in terminal clusters of 3-7, the peduncles very slender, 
8-12 mm. long, hispiduloua and glandular-dotted , involuerc 3-4-8enate, more 
or less distinctly graduate, the outermost phyllaries triangular, obtusely 
callous-tipped, .3-5 mm long, 0 7-1 mm wide, appressed, coriaceous-her- 
baceous above middle or nearly throughout, 1-nbbcd and with an obscure 
pair of nerves, dotted with sessile glands, the others yellowish-brown, usually 
purplish-tipped, rounded, scveral-vittute, corollas yellow, glabrous, somewhat 
zygomorphic, 4,8 mm long (tube 2 2 mm , throat 1-1.2 mm , teeth unequal, 
1.2-1 .8 mm. long, 2 or 3 being less deeply cleft than the others), pales oblong, 
5 mm. long, obtuse, sometimes abruptly and obtusely short-pointed, glabrous, 
yellowish, about 3-vittate, achenes blackish, erect ish-hirsutulous except to- 
ward base, 2 mm long; pappus palcae about 20, narrowly hncar-lanceolate, 
acuimnate, subcriual, hispidulous-ciholate, 3 5 mm long 

British Honduras: On stones in Rfo Pnvacihn, Mountain Pine Ridge, 
El Cayo Distnet, 26 Feb 1931, BarUeH 11790 (type no 1,540,622, U. S. Nat. 
Herb.). 

A member of the subgenus Eucalea, very distinct from any other North 
American species in fobar characters 

Liabum dimidium Blake, sp nov. 

Frutex scandens; caulis sordide arachnoideo-tomentosus glabresccns et 

K cipue supra pilosus vel pilosulus pilis sordidis patentibus multiloculatis; 

late ovata pctiolata serrulato-denticulata tnplinervia supra tenuiter 
arachnoidea glabrata subtus albido-tomentosa; capitula 7-1 1-flora discoidea 
numerosissima, paniculam latam efformantia; involucri ca. 4-Boriati 5-6 mm. 
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alti pappo Bubduplo brevioris phyllaria ovata ad oblongo-linearia obtusa 
vel rotundata ciliata; aohenia dense hispidula, pappus albidus 6.5 mm. longos 
duplex, extenore setuloso ca. 1.6 mm. longo. 

“Lax Borambling shrub, 6 m. high;” stem (above) subterete, striatulate, 
6 mm. thick, rather thinly arachnoid-tomentose, glabrescent, sordid-pilose 
or -pilosulous especially in inflorescence; leaves opposite; petioles slender, 
1.3-3 cm long, thinly arachnoid, glabrescent; blades of larger leaves 9-12 cm. 
long, 6-9.5 cm wide, relatively thin, acute, at base broadly cuneate or roimded- 
ouneate, semilatCKlpntlculate above the mainly entire b^ with very slender 
teeth a^ut 0.6 mm. long and 3-6 mm apart, beneath compactly but not 
thickly dull-whitish-tomentose, panicles terminating stem and upper branches, 
together forming a loose pyramidal panicle about 28 cm. wide and 20-30 cm. 
long, thinly arachnoid and rather densely sordid-pilosulous with many-celled 
spreading hairs, the heads partly sessile, partly on pedicels up to 4 mm. long; 
involucre 4-5-seriate, strongly graduate, the 2-3 outer series of phyllaries 
ovate, somewhat fleshy, striate when dry, dull green, obtuse, ciliate and 
sparsely sordid-pilosulous, the 2 inner series linear-oblong, about 1 mm. wide, 
thinner, not stnate, sordid-ciliate, erect; receptacle shallowly alveolate, the 
edges of the alveolae mmutely hispidulous; corollas yellow, pilosulous on 
upper part of tube, 8 mm. long (tube slender-funneuorm, 3.3 mm. long, 
throat thiok-cyhndnc, 2 mm. long, teeth linear-triangular, 2.7 mm. long, 
hispidulous at apex); achenes (not truly mature 7) 1 3 mm. long; pappus ycT- 
lowish-white, double, the outer setulose, about 1.5 mm. long, scarcely wider 
than the inner, the inner of hispidulous bristles bent at apex. 7 mm long 

Quateuala: Tikal, Dept. Pet4n, 12-15 April 1931, Bartlett 12602 (type 
no. 1,640,627, U. S Nat Herb.) 

A member of the group separated by Rydberg imder the generic name <Sm- 
clatna Hook. & Arn., and related to Ltabum polyarUhum Klatt and Liabum 
brachypus (Rydb.) Blake.' The former has a longer mvolucre (about 7-9 
mm. high), nearly or quite equaling the pappus, and the inner phyllanes are 
strongly spreading or reflexed above at maturity. Stnclatna piUten Rydb , 
the type of which I have studied, is not separable by any real character from 
L, polyanthum. Ltabum brachypus lacks the sordid spreading hairs of the 
new species, and has a somewhat longer mvolucre (about 7 mm ) and a dense 
inflorescence The specific name of the new species refers to the relative 
length of the mvolucre and the fruitmg head. 

‘ Sinrlairta brachffpus Rydb N Amer FI 34 : 290 1927 

ZOOLCXIY. — Two new pocket mice from Arizona.^ E. A. Goldican, 
Biological Survey. 

When Perognathua amplua was described by Osgood in his revision 
of the genus (North Amer. Fauna, No. 18, p. 32, Sept. 20, 1900) the 
type was unique. Some subsequent efforts to obtain topotypes have 
been unsuccessful, owing perhaps to seasonal or cyclic variations in 
numbers. Over thirty specimens from various localities in the general 
region are, however, regarded as fairly representative. A series from 


i Received June 10, 1932 
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th® low, open, desert region of southwestern Arizona presents the 
decidedly paler coloration characterizing some of the other mammals 
of that area. Specimens from northwestern Arizona, south of the 
Grand Canyon, also exhibit a departure from the typical form. The 
new geographic races are differentiated as follows: 

Perognathus amplus rotundus, subsp nov 
Gila Pocket Mouse 

Type— From Wellton, Yuma County, Arizona No. 280470, <f adult, 
U. S. National Museum (Biological Survey collection), collected by Bernard 
Bailey, November 9, 1931. Original No A4353, X catalogue No 27029. 

DtetnbiUton . — Desert region of southwestern Arizona, and probably ad- 
joining parts of Sonora 

Ge^al characUre — A large, light-colored subspecies, closely allied to 
Perognathua amplus amplua, of central Arizona, but ground color of upper 
parts a decidedly paler shade of pinkish buff, less obscured by black on face 
and along flanks; postauricular spots rather promment; cranial characters 
also distinctive. 

Color. — Type: Upper parts near pale pinkish buff (Ridgway, 1912), 
purest on upper surface of muzzle, sides of head, shoulders, flanks and outer 
surfaces of thighs, the top of head and back finely lined with black; under 
parts, forelimlM and hmd feet white, ears pinkish buff externally, except an- 
terior fold which IS dusky, thinly clothed internally with blackish hairs, 
and distinctly edged with white at posterior base, small dusky area.s at base 
of vibriasae on sides of muzzle (not contmued in a narrow Ime across face as 
in typical amplue); tail thmly haired, slightly crested and tufted terminally, 
gra}^h above, whitish below, becoming dusky at tip. 

SkuU . — Very similar in general to that of P. a amplua, but more robust , 
rostrum and nasals distinctly broader, mastoids broader antenorly, bulgmg 
upward more prominently along outer border of parietal, but narrower, less 
i^ated posteriorly, dentition about as m amplua 

Measurements — Type: Total length, 170 mm., tail vertebrae, 90, hind 
foot, 21 Average of five adult topotypes: 161 (155-165), 86 (82-95); 20 4 
(20-211. Skull (type): Occipitonasal length, 24 2, greatest breadth (across 
audital bullae at meatus), 15 2, zygomatic breadth (posteriorly), 13 3, inter- 
orbital breadth, 5; length of nasals, 9 3, width of nasals (in front of mcisors), 
2.5; mterparietal, 3 2 x 3.4, maxillary toothrow (alveoli), 3 6 

Remarks . — The pallid general coloration and moat notably the lighter 
head of Perognathus amplus rotundus readily distinguishes it externally from 
P. a. amplus, and the skull differs markedly from that of the type of the latter. 
Intergradation may, however, be assumed. 

Speamens examined — Ten, all from the type locality 

Perognathus amplus pergracilis, subsp. nov. 

Hualpai Pocket Mouse 

Type.— From Hackberry, Mohave County, Arizona (altitude 3600 feet). 
No. 227628, o' young adult, U. S National Museum (Biological Survey 
coUection), collected by E. A. Goldman, September 14, 1917. Origmal num- 
ber 23304. ^ 

Dis^utum.— Desert region of northwestern Arizona, south of the Grand 
Canyon. 
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Otntral eharacUra. — Similar to P. a. amphu, bat of more alender {xropor- 
tione; ground color of upper parts paler pinkiBh buff. DifFeiing from P, a. 
rofundus in alendemeas, and duker general tone of upper parts diw to density 
of overlying black-tipped hairs, especially on head. 

Color. — Type: Ground color of upper parts pale pinkish buff , purest along 
lateral Ime from cheeks to thighs, the head and bMk moderately and uni- 
formly overlaid with black; under parts, forelimbe and hind feet white; ears 
pinki^ buff externally, except anterior fold which is dusky, thinly clothed 
internally with blackish hairs; tail grayish or lifd^t brownish above, becoming 
darker toward tip, whitish below to small terminal tuft which is dusky aU 
around. 

SkuU. — Similar to those of P. a. amjdua and P. a. rotundiu, but smaller 
and relatively narrower m greater dimensions; mastoids and audital bullae 
relatively sn^er and much less mflated, the mastoids less rounded and pro- 
duced posteriorly beyond plane of occiput; interorbital region actually as 
well as relatively broader. 

Meaouremenia.—Type'. Total length, 143 mm.; tail vertebrae, 80; bind 
foot, 21. Average of three adults from Little Meadows (west of Kinjpnan, 
Arisonaj: 164 (161-166); 86 (80-90); 21.6 (21-22). SkuXl (type): Occipi- 
tonasal length, 22; greatest breadth (across audital bullae at meatus), 12.8: 
■ygomatic breadth (posteriorly), 11.7; interorbital breadth, 5.4; length of 
nasals, 8.6; width of nasals (In front of Incisors), 2.2; interparietal, 2 8 x 3.0; 
maxillary toothrow (alveoU), 3.6. 

Remarka. — PerogTuUhiu amplua pergraalia combines the pale buffy ground 
color of P. a roluTidua with the more obscured head and dorsum of P. a. 
amplua, due to overlying dusky hairs, and it differs notably from both in 
slenderer proportions. 

Speatnena examined . — Total number, 16, all from Arisona as follows: 
Beal Spring (2 miles from Kingman), 3; Big Sandy Creek, 1 ; Haokberry (type 
locality), 6, Little Meadows (west of Kingman), 3; Peach Springs, Hualpai 
Indian Reservation, 3; Signal, 1. 

SCIENTIFIC NOTES AND NEWS 

The honorary degree of doctor of science was conferred on Dr. D. J. Mc- 
Adam, Jr , of the Bureau of Standards at the commencement exercises of 
Washington and Jefferson College on June 4, 1932. 

^tiituarp 

Dr. Louis W Austin, international authority on radio transmission, and 
member of the staff of the Bureau of Standards, died in Washington on June 
27 at the age of 64. 

Dr. Austin received the degree of doctor of philosophy at the University 
of Strasburg (Germany) in 1893. He served as professor of physics at the 
University of Wisconsin and at the ReichsanstaU in Berlin. In 1904 he 
come to the Bureau of Standards and began researches m wireless teleg- 
raphy. From 1908 to 1923 he served as head of the Naval Research Lab- 
oratory, returning to the Bureau of Standards in 192;i. 

Dr. Austin was a member of the American Physical Society, Washington 
Academy of Sciences, Philosophical Society of Washington, American Institute 
of Radio Engineers and other scientific oi^nisations. He received the medal 
of the American Institute of Radio Engineers m 1927. 

Dr. Austin's researches on radio transmission received wide recognition 
and be had only recently been elected to the presidency of the International 
Scientific Radio Union. 
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GEOLOGY. — Oeothermal gradient of the Mother Lode belt, California.^ 
Adolph Knopp, Yale University. 

In a paper recently published in this .Journal,* W. D. Johnston, 
Jr., maintains on the basis of a recalculation by H. C. Spicer, made 
according to the method of least squares from the primary data pre- 
sented in my report on the Mother Lode system,* that the geothermal 
gradient at the Mother I^ode is 192..3 feet per degree Fahrenheit in- 
stead of 150 feet per degree Fahrenheit as originally given. Unfor- 
tunately, however, during the recalculation, two fundamental errors 
were made which completely vitiate the final result. In the first 
place temperature observations from two mines (the Rymouth and 
the Keimedy) situated 10 miles apart were used to compute a gradient, 
but this procedure is not permissible, as the gradients at the two mines 
are most likely to be different. In the second place it was assumed 
that the collars of the shafts of the two mines are at the same altitude. 
The collar of the Kennedy shaft is approximately 1430 feet above sea 
level, whereas that of the Fl3rmouth is about 1100 feet. This fact 
makes the vertical range between the 1600-foot level in the Plymouth 
mine and the 4200-foot level in the Kennedy differ by 330 feet from 
what Johnston and Spicer thought it to be. 

Johnston says that “Knopf’s values for the Central Eureka and the 
Kennedy mines apparently are based on an assumed value of the mean 
annual temperature y of the air.” The mean annual temperature, 
however, was not assumed, but as stated in Prof. Paper 157, the mean 
MiTiiial temperature at the collar of the Kennedy mine (68.5°) was 
taken from a 10-year series of daily readings at a Weather Bureau 

> Beeeived June 1, 1933. 

•W. D. Johnston, Jr. Oeothermal gradierU at Orate Valley, California, This 
JOUBMAL SS: 207-271 1932. 

• AooLra Knopf. Mother Lode Syetem of California. V. S Gieol Surrey Prof. Paper 
UTt 22-33. 1929. 
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( station xnaintained at the mine. To be able thus to have an accu- 
rately determined mean annual temperature at the collar of the shaft 
and a temperature determination 4200 feet vertically below is indeed 
a fortimate combination, and for this reason the geothermal gradient 
of 153 feet per degree Fahrenheit at the Kennedy mine is held to be 
entitled to much confidence. 

The mean annual temperature at the collar of the Central Eureka 
shaft, which is 1610 feet above sea level, was estimated to be approxi- 
mately 58° Fahrenheit, by applying a correction of 0.5° on accoimt of 
the 180 feet difference in elevation between the Central Eureka and 
Kennedy mines. By using this figure a gradient of 160 feet per degree 
Fahrenheit was found to obtain at the Central Eureka mine. At the 
Pl 3 anouth mine no surface temperature records were available, and the 
gradient of 145 feet was computed from underground data. 

There are therefore three determinations of geothermal gradients 
along the 10-mile segment of the Mother Lode in Amador County, 
ranging from 145 feet to 160 feet per degree Fahrenheit. In no one 
of the three sets of determinations are there sutheient data to allow 
least-square adjustments, and 150 feet per degree Fahrenheit will 
serve as a round munber for the geothermal gradient at the Mother 
Lode in Amador County. 

Johnston has not explained the marked discrepancy between his 
value of the geothermal gradient at Grass Valley — 190 feet — and that 
earlier determined by Lindgren— 122 feet. It would appear worth 
while for him to show that his data represent a homogeneous set of 
data, the only kind suitable for least-square computations. In my 
opinion data obtained from levels in different mines, in rocks of differ- 
ing conductivities (granodiorite, diabase, and others), in rocks tra- 
versed by veins, faults, "crossings” and in places containing standing 
water, are very heterogeneous, and mathematical manipulation of such 
heterogeneous data is likely to obscure information of geologic 
significance. 

GEOLOGY . — Geothermal gradient of the Mother Lode belt, California: 
A reply.^ W. D. Johnston, Jr., U. S. Geological Survey. (Com- 
municated by W. H. Bradley). 

In the preceding paper Knopf offers the following objections to the 
conclusions contained in a recent paper’ of mine: 

> Received June 16, 1932. Publiehed by pennusion of the Director, U. S Qeologicftl 
Survey 

' W D Johnston Jr. Qeothermal grodtejil at Qratt Valley, California. This Jour- 
nal 19: 267-271 1932. 
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1. “**• temperature observations from two mines (the Plymouth 
and the Kennedy) situated 10 miles apart were used to compute a 
gradient, but this procedure is not permissable, as the gradients at the 
two mines are most likely to be different.” 

2. “••• it was assumed that the collars of the shafts of the two mines 
are at the same altitude **• (whereas they) differ by 330 feet.***” 

3. “The mean annual temperature, however, was not assumed, but 
*** was taken from a 10-year series of daily readings at a Weather 
Bureau station maintained at the mine.” 

4. “Johnston has not explained the marked discrepancy between his 
value of the geothermal gradient at Grass Valley— 190 feet and that 
earlier determined by Lindgren — 122 feet.” 

5. “It would appear worth while for him to show that his data repre- 
sent a homogeneous set of data, the only kind suitable for least square 
computations.” 

These objections will be discussed in the following order — 2, 3, 1, 
4, and 6. The first three refer to Knopf's data for the Mother liode 
and the last two to my Grass Valley data. 

2. The assumption that the collars of the shafts of the two mines 
are at the same level was erroneous. From the corrected elevations 
H. C. Spicer has computed the reciprocal gradient to be 160.6 feet per 
degree Fahrenheit, as shown in column A of Table 1 . This is nearer 
Knopf’s value of 150 feet per degree than my previous erroneous value 
of 192.3 feet per degree. As the exact elevations of the collars of the 
Plymouth and Kennedy shafts are not available, Mr. Spicer hovS also 
computed geothermal constants based upon the maximum error in 
the assumed collar elevations of these mines. These values are given 
in columns B and C of Table 1. 

3. The observed mean annual temperature of the air is not the mean 
annual temperature of the rock surface. Numerous observers have 
foimd that the air temperature just above the ground surface is from 
1 to 10 degrees Fahrenheit lower than the temperature just beneath 
the ground surface.*’* As shown in Figure 1 in my previous paper, the 
observed mean annual temperature at Grass Valley, a record based 
upon daily readings during 22 years, is 7 degrees higher than the com- 
puted subsurface temperature. Altitude, topographic situation, pre- 

• J. A McCnrcHiN DeUrmxnalxon of geothermal gradients tn oil fields located on 

anticlinal structures in Oklahoma Bui! Amer Petroleum Inat 200: figs 3-9, pp 68- 
01 1030. 

* A. J. Carlson. Oeothermal conditions in oil-producing areas of California, Bull. 

Amer. Petroleum Inst 806: figs 9-84, pp 121-139 1930 
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vailing wind direction, and numeroua other factors* are responsible 
for discrepancies of this kind. When the mean annual temperature of 
the air is used in the computation of a geothermal gradient that value 
is necessarily an “assumed value,” y. 

1. An error is probably introduced by the use of temperature data 
from mines 10 miles apart but it is lielieved to be tif lesser magnitude 
than the error introduced by the use of the mean annual temperature 
of the air as the assumed value y. 

4. Lindgren’s* value of 122 feet per degree for the geothermal gradi- 
ent at Grass Valley la based upon three sets of temperature readings in 
the Idaho-M ary land Mine, — one in the drain tunnel, a second on 
level 15, 1,523 feet vertically below the drain tunnel, and a third m a 
stope 40 feet above level IC. 

My values are based upon 22 sets of readings uniformly distnbuteil 
through a vertical range of 3,000 feet. As all the temperature read- 
ings lie on a smooth curve with a maximum diffemicc Ixitwcen the 
observed and computed values of only ±0.S degrees and a probable 
error of ±0.26 degrees, the more recent work seems to me to be the 
more acceptable. 

5. Knopf’s last point (xuestionmg the homogeneity of the Grass 
Valley data is ansivcreil by the distribution of the tempi'rature read- 
ings in Figure 1 of my earlier paper. Any marked difference l)etwtH.'n 
the conductivity of diabase and granodiorite or the presence of deep 
artesian circulation along the vein.s or “crossings” would Im; shown by 
an undulation m the depth-temperature curve. 

In conclusion it appears that a little more weight should lx; given to 
the value of the Mother Ixide geothermal gradient of 160 with a pos- 
sible range of ±5 feet per degree as computed by Ihe method of least 
squares from all of the underground data available than to Knopf’s 
value of 150 feet per degree. 

‘ E. M Fitton uud C K IIhoiikh Soil lemferaluri-n in the Vnilcd HtnlcK Mn 
Weather Rev 69:0-16 IWll 

* Wai.dkmar Lindqukn GoU-quarlz mini of Nerado ('ily and (Vriiim 1 alley diKlnrlB, 
California U 8 (leol Survey, Ann Kept 17; Pt 2, 170-171 18116 

GEOIX)GA'. -Stratigraphy and structure of Northwestern Vermont . — 
II‘ Arthur Keitii, U. S. Geological Survey. 

EASTERN BEOUENCE 

The rocks of this sequence are well seen a few miles north of Middle- 
bury and near Brandon, and they can also be followed southward 

' Received June 0, 1032 Published with the pernussKin of the Director, IL S Gco- 
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from Rutland to Massachusetts. One formation of the Archean and 
three formations of the Algonkion are present in this sequence; these 
are the granite and granitoid rocks of the Archean, and the grayYracke, 
marble, and phyllite of the Algonkian. They are confined to the 
frontal ranges and hills of the Green Mountains and are seen in most 
sections into the Mountains. There is an unconformity between these 
formations and the Cheshire quartzite of the Lower Cambrian, so that 
in many places the Moosalamoo phyllite is removed and the marble 
forms the top of the Algonkian. As the unconformity is followed 
northward the phyllite becomes much thicker, but southward the 
phyllite, marble, and graywacke all disappear and the Lower Cam- 
brian rests directly upon the Archean granite. This unconformity 
accordingly is one of the greatest, if not the greatest, in the region. 

Ntckwakel graywacke . — This formation extends in the Green Moun- 
tains from the Canadian border for a considerable distance south of 
the latitude of Rutland. It invariably forms high ground and moim- 
tains, one of which, Nickwaket Mountain, a few miles southeast of 
Brandon, gives the formation its name. Ulic formation consists en- 
tirely of schistose rocks with a large percentage of graywacke and 
feldspathic quartzite. The schists and schistose coarser beds are com- 
posed of variable amounts of quartz, muscovite, biotite, and chlorite 
with local developments of magnetite. The graywacke beds at the 
top of the formation are coarse and in many places conglomeratic, 
while at its base there are important conglomerates. These conglomer- 
ates have lenticular forms, lieing not everywhere present, and they 
consist of pebbles and boulders of the older rocks, largely quartz, granite 
and gneiss. Rarely these boulders are as much as two feet in diameter. 
ITie best development of this conglomerate, a few miles southeast of 
Middlebury m the town of Ripton, was described by Dale. The upper 
graywacke beds are seen in contact with the overlying marble at 
Forestdale. 

Forestdale marble . — There is a sharp change from the graywacke to 
this marble, the latter being mainly calciferous, while the graywacke 
contains no calcite. The marble is massive and greatly metamor- 
phosed in most localities, with growth of many silicate minerals. It 
has colors ranging from white to light gray, buff, and cream mottled, 
and weathers usually with a marked reddish-brown surface. There 
are considerable differences in the thickness of the marble with a mini- 
mum of perhaps 200 feet in the district northeast of Brandon. South- 
ward the marble thickens until it is two or three times as thick south- 
east of Brandon, and then thins again to the east of Rutland. 
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N(Hrthward it is fairly continuous to the (Canadian border. At Forest- 
dale, five miles northeast of Brandon, there is an excellent section 
from the upper graywacke conglomerate of the Nickwaket to the basal 
conglomerate of the Cambrian. 

Usually the marble makes low ground, as is conspicuously the case 
in the valley northward from Forestdalo and through Silver Lake. 
Just below the outlet of Silver Lake there is a very fine section showing 
the details of the unconformity between the marble and the basal 
conglomerate of the Cambrian. At this point the Lower Cambrian 
Cheshire quartzite makes the beautiful Liana Falls. 

Moosalamoo phylhU . — The phyllite, a fine-grained black rock, con- 
sists mainly of quartz and muscovite with a little biotite and dissemi- 
nated iron ore. The formation does not change witliin the region 
being described except in thickness, as already stated. It nmges from 
nothing at IJana Falls to a probable thickness of 500 feet upon the 
south and east slopes of Moosalamoo Mountain, only a mile to the 
north. It is pinched out in the general latitude of Middlcbury but 
goes still farther to the north. 

Cheshire quartzite.— This formation is continuous from Cheshire in 
northwestern Massachusetts to ('anada, except for short stretches 
of a few miles each where it is cut out by faults. I ocally it forms the 
steep, high front of the Green Mountains and numerous ItKlges make 
clear its presence. Huge cliffs are formed by the (juartzitc at miuiy 
places, as in Wallingford, 9 miles south of Rutland, or the ijuartzite 
may make the entire face of the mountain in a dip slope, as in Hogback 
Mountain, northeast of Middlebury. Ihis mountain has an anti- 
clinal structure and the <iuartzite pitches northward under the younger 
dolomites so that the moimtain ends abruptly. Tlie lower part of 
the formation and the underlying Algonkian formations are shown at 
Forestdalo, 3 miles northeast of Brandon. 

By far the greater part of the formation consists of massive, white, 
vitreous quartzite; this is particularly so in the upper lieds. In the 
middle of the formation thin layers of black slate are interbedded with 
the quartzite but are not sufficiently well defined to be a regular suli- 
division of the formation. The chief departure in the lithology of 
the formation is the basal conglomerate. This is present practically 
everywhere and occasionally forms a coarse, massive deposit. The 
conglomerate of this sort consists largely of pebbles of quartz, quartzite, 
and granite with some additions of marble and slate from the under- 
lying formations. Coarse conglomerate of this nature is found 3 miles 
southeast of Brandon and resembles strongly the conglomerate at the 
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base of the Nickwaket graywacke. Doubtless the two were largely 
derived from the same source. The formation varies considerably in 
thickness and has a probable maximum of about 800 feet in Wallingford. 

Rutland ddamite.— Tbia formation consists almost wholly of dolo- 
mite. Its color is usually light or dark gray and it has a fine or medium 
grain. Most of it is thick bedded though there are a few slabby 
layers. In the district about 10 miles northeast of Middlebiuy, in 
the towns of Bristol and Monkton, the bottom of the formation con- 
sists of a mottled light buff or pink dolomite marble which rests directly 
upon the massive quartzite of the Cheshire. South of that tract the 
marble beds disappear and the gray dolomite comes down to the 
Cheshire. In many places there is a transition from the Cheshire 
quartzite into the dolomite through sandstone and sandy dolomite. 
This is particularly clear on the south slope of Blueberry Hill, 3 miles 
north of Rutland, where the syncline of Rutland Valley rises to the 
north. In the middle of the formation is found a thin horizon of light 
colored limestones. These appear just north of Rutland but caimot 
be traced fur. Near the top of the formation there is a thick bed of 
dolomitic sandstone which makes prominent outcrops near Rutland. 
Below this there arc 100 feet or more of dark blue, dolomitic limestone. 
Fossils were formd in this formation in the Rutland Valley by Wolff 
and Foerste which showed it to be of Lower Cambrian age. A few 
fossila were found by Walcott in the topmost beds of the Cheshire 
quartzite, also of Lower Cambrian age. 

The strata of this formation, like those of the preceding Cheshire, 
are very massive and compact and have acted as a unit to minimize 
the folding; thus the syncline of Rutland Valley is one of the few open 
synclines in the region. Its western limb is found in Pine Mountain 
and its eastern limb, which is locally faulted off, appears along the 
front of the Green Mountains. The strata in the middle of the fold 
are nearly horizontal. This open fold was thrust westward against 
the highly deformed beds of the upper part of the sequence. 

Dariby formation . — This formation is a departure from the usual 
carbonate deposits of the Valley. There is a great variety in the beds 
of this formation, but they are separated from the other formations 
chiefly by the amount of sandstone and quartzite and by their vari- 
colored dolomites, llie quartzite beds are composed of clean white 
sand in separate layers a foot or two thick, interbedded with massive 
dolomites, like those of the Rutland, and with transitional strata, like 
sandy dolomites and sandstone. In the usual section the quartzite 
beds stand out like white reefs above the other layers. Some peculiar 
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dolomites also are found with a range of colors, including pink, buff, 
and green. These are veiy fine-grained and tough and together with 
the quartzites form ridges. Associated with these beds are thin seams 
and layers of greenish slate. 

The beds of this formation are considerably folded, as would be 
expected from their variable and thin-bedded character. They usually 
dip at high angles and exhibit a great variety of small and large folds. 
This folding makes it difficult to estimate the thickness, but the forma- 
tion is probably in the vicinity of 300 feet thick. 

Wallingford dolonnU. — The boundary between the Wallingford 
and Danby formations is not sharp and is marked mainly by the close 
of the strong quartzite sedimentation, the variable colors of the dolo- 
mite, and the slate beds. It is well exposed in the township of Wal- 
lingford, its type locality. ITie Wallingford dolomite consists mainly 
of light and dark gray dolomites like those of the Rutland dolomite. 
With these are interstratified thin beds of dolomitic or quartzitic sand- 
stone of a light gray color. The formation has no other peculiarities 
and is of about the same thickness as the Danby. 

Clarendon Springs dolomite — T\m formation consists wholly of 6ne- 
grained dolomite of a light gray or dove color, an<i its typo locality is 
Clarendon Springs, Vt. It differs from the Wallingford dolomite 
mainly by the absence of sandstone or quartzite. The formation 
grades upward into Shelburne marble without interbedding or other 
notable features, and is from 100 to 200 feet thick. 

Shelburne marble.— Thm marble in the Eastern sequence is almost 
wholly compiosed of calcite marble, as it is in the Central scriuence. 
The grain of the rock is medium in both seciuenccs, but the color is 
more variable m the eastern sequence. White with blue mottlmg 
and banding are the common colors in the eastern seciuencc, and in 
some quarries there arc found green bands m the v hite marble. These 
features bring out the close folding and flowage patterns in the marble 
and add to its value as ornamental stone. The quarries are found at 
short intervals through the entire extent of the formation in the 
eastern sequence, but they are mamly concentrated around a few cen- 
ters, such as Brandon, Proctor, and Dorset, which is in the southern 
part of the state. The marble and associated formations are readily 
seen in the quarries around Brandon. There is a sharp change, but 
no visible unconformity, between the Shelburne and the overlying 
Williston limestone. As was noted under the Central sequence, forma- 
tions of Middle and Upper Cambrian age are found north of Burlington 
in the interval between these two formations. 
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Wilhaton limestone . — This fonnation in the Eastern sequence differs 
little from its exposxu^s in the Central sequence. Fossils were found 
in Ih'imdon which indicated its Upper Cambrian (“Saratogan”) age, 
and very numerous ledges of the formation are to be seen in and 
aroimd Brandon. The thickness of the formation appears to vary 
considerably in the Eastern sequence. It reaches its maximum thick- 
ness in the region around Brandon but thins materially along the 
eastern side of the Taconic Range. It is nearly everywhere present, 
however, and its thinning is due to pinching out locally by folding. 
It is usually in contact with the overlying Ira slate and the separation 
between them is sharp. In some places, for instance 4 miles south of 
Brandon, nonnol sedimentary contacts show a change within a few 
inches from deposition of limestone to that of mud. 

Ira slate . — This formation is well developed in the town of Ira, 
which adjoins West Rutland on the south. The formation consists 
entirely of a dark gray or black slate with very little banding or means 
of determining bedding, but a few feet of the slate in the lower part 
of the fonnation contams gray, siliceous seams. Secondary quartz 
is developed in these beds and they are tightly squeezed and dissected 
by folding so that locally the formation resembles a finely banded 
gneiss. The sedimentary contact between the slate and underlying 
Williston limestone is sharp, as stated under the description of the 
limestone. The upper contact of the formation with the West Rutland 
marble is equally sharp, with a complete change from muddy sediments 
to pure limestone. 

At the north end of the main belt of the West Rutland marble the 
marble is seen to rest upon the slate in the old True Blue quarry, and 
the same situation is seen repeatedly in the northerly areas of the 
marble from three to four miles southwest of Brandon. The slate 
disappears at the north end of the Taconic Range, but southward it 
expands into a belt a mile or two in width. There are no measures of 
the thickness of the fonnation, but it is probable that it is as much as 
700 or 800 feet thick. 

West Rutland marble . — ^This formation is best known from its use 
as ornamental stone, and West Rutland has long been the principal 
center of the marble industry. There is a considerable variation in 
the beds of the marble, and different quarries make a specialty of 
particular beds. A long Ime of quarries, old and new, lies along the 
eastern side of the marble belt. Most of these are now worked as 
undergroimd mines instead of open-cut quarries. There are also a 
few quarries on the western side of the belt. The prevailing colors of 
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the marble are white, more or less banded with dark blue, mottled 
blue, and light gray. A few beds have a pale green banding, and in 
the quarries on the west side of the belt mottled, crt*am colored marbles 
are produced. 

In the two northerly areas of the formation between Brandon and 
West Rutland the synclines in which the formation lies are shallow'er 
than that at West Rutland and only the lower part of the formation 
appears. In these areas the marbles are, in the main, dark blue, and 
there is a thin member of blue-bonded limestones at the base. This 
member also appears in the West Rutland area but it is thinner there 
and poorly exposed. These lower limestones contain a brachiopod 
faima and many crinoid steins. The upper marbles, particularly the 
bluish or blue-banded ones, have many large maclureas which appear 
best on the sawed surface of the stone. These maclureas were the 
first fossils found in this region and have always been considered to 
be of Chazy age. There arc several small areas of this marble along 
the cast side of the Taconic Range coming in and out against the 
Taconic overthrust. 'Ihesc, too, contiun fossils and arc rather easily 
identified. 

TACONIC SEQUENCE 

The rocks of this sequence are found only in the Taconic Range 
and they form a very striking contrast with the beds of the same age 
which form the lower ground on the east and west. The sequence 
consists almost wholly of slates, but it has also one thin formation of 
limestone and one of quartzite. By means of these two formations 
in the Lower Cambrian and one of red slate in the Ordovician, the 
order and structure of these formations can be disentangled. The lime- 
stone (Beebe) contains a good Lower Cambrian fauna, and one of the 
slates has Middle Ordovician fossils. Owing to the intense folding 
and faulting of this sequence, it has been necessrry to follow out indi- 
vidual beds wherever they could be recognized. For this purpose the 
limestone and quartzite above mentioned were of great service, as 
well as a few recognizable beds in the lowest formation — the Brezee 
phyllite. The entire section is exposed south of Stiles Mountain, near 
the north end of the Taconic Range. 

Brezee phyllite - -This formation outcrops around the north and 
northwest margins of the Taconic Range and is in contact with the 
underlying limestones and marbles at more places than any other 
formation. It thus forms the sole along which the Taconic overthrust 
block moved in coming to its present position. What normally lies 
beneath the Brezee phyllite is not known because of this overthrusting. 
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The formation consists almost wholly of slate or phyllite of a dark or 
bluish-gray color. Much of it is banded with light gray, and its 
weathered surfaces are apt to have a brownish or dull greenish-gray 
color. Interbodded with the upper part of the phyllite is a thin cal- 
careous quartzite, from 5 to 10 feet thick, which can be followed for 
considerable distances and is of much help in working out the fault 
system. liOcally this quartzite passes into a sandy limestone. A 
few feet below this quartzite there is a zone of limestone lenses, all of 
which arc small. The low cat part of the Brezec contains beds of cherty 
slate. Most of these are black and they are associated with purple 
slate of the kind that is so characteristic of the Lower Cambrian in 
the Taconic Range. These cherty beds resemble some of the Ordovician 
formations foimd farther to the southwest, but it is more likely that 
they represent a facies of the Cambrian. It is very difficult to make an 
estimate of thickness of this formation, but doubtless it exceeds 500 feet. 
The formation is named from Brezee Mill Creek, which flows out of 
the northeast end of the range. 

Silks phyllik . — This formation is rather sharply distinct from the 
Brezee phyllite. It is much more uniform in composition than the 
Brezee and its principal variations are those due to metamorphism. 
The formation consists almost wholly of slate or phyllite, with fairly 
numerous thin beds of quartzite. The whole formation, including the 
quartzite beds, has a rather plain greenish aspect due to secondary 
chlorite. This color is modified on weathered surfaces so as to be- 
come a greenish-gray or whitish-gray. Much quartz in thin lejises 
and veins appears in this formation, especially in its eastern areas, 
where it is most metamorphosed. 

The formation occupies a broad band along the east side of the 
Taconic Range and curving westw^ard and southwestward around 
the end of the Range. Along the east side metamorphism has pro- 
ceeded locally to the extent that the rock is a schist composed mainly 
of quartz, sericitc, and chlorite. The metamorphism is less in going 
northward and westward around the end of the range, so that at Stiles 
Mountain the phyllite presents a good average of the condition of the 
formation. Westward from Stiles Mountain metamorphism is less 
and the formation may well be called a slate. 

The thickness of this formation, like that of the Brezee, is wholly 
a matter of estimate. Each outcrop is full of minor folds and large 
folds and faults are noticed. It appears to be perhaps 400 or 500 
feet thick at the north, but along the east side of the range it might 
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be double that thickness, for it forms important mountains and a belt 
of outcrop several miles wide. 

HubbartUon slate . — There is no very sharp division between this 
slate and the Stiles phyllite, but the latter rather gradually merges 
up into the slate. The boundary is placed where the small quartzite 
layers end, which is also the horizon where the special colors of the 
Stiles end. The Hubbardton slate consists mainly of green slate with 
a variable amount of the puiple slate. In some localities — notably 
in the western part of the Range — the purple is more common than 
the green in the upper part of the formation. These beds are very 
similar to those of the Bull slate which form the chief color horizon 
for the purple slates. The Hubbardton slate is named from its oc- 
currence in the village of Hubbardton in the north part of the Taconio 
Range. It is probably about 300 feet thick, but this, too is only an 
estimate. 

Barker quartzHe . — This is one of the key rocks of the Taconic se- 
quence, both because it is readily identifiable and because it makes 
sharp hills and ridges which plainly mark its position. Ihe quartzite 
has a generally light or white color on weathered surfaces, but usually 
is more or less green when freshly broken. It varies also in coarseness 
from a dense rock with very fme grains of quartz to a coarse quartzite 
and locally a fine conglomerate. The coarser facies contain pebbles of 
various slates, quartzites, and a little limestone, probably derived from 
the older Cambrian formations. Possibly it is the same as the coarse 
quartzite and conglomerate of Bird Mountain a few miles east of 
Castleton. Barker Hill, for which the quartzite is named, is about 
4 miles east of north from ('astleton. The quartzite there and in the 
nearby Wallace I^edge is approximately 100 feet thick. Also it is 
about as thick in Ganson Hill, just north of the \dllagc of Hubbardton. 
In some places the quartzite thins down until it is barely recognizable. 

BvM slate . — ^This is a comparatively thin formation between the 
underlying quartzite and the overl3dog Beebe limestone. The slate 
is usually of a purplish color more or less mixed with green. The 
three formations make a distinctive sequence which has helped much 
in unravelling the structure of the Taconic Range. The Bull slate is 
named for the quarry on Bull Hill, 2 miles north of Castleton. It 
is the principal horizon which is worked for the purple and unfading 
green slates of the slate industry. The principal development of this 
industry is in the region of Fairhaven, Vermont, and Granville, Now 
York, a few miles to the southwest of Castleton. The slate has a 
fine, even grain and smooth texture and the banding is so faint that 
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as a rule it does not affect the smoothness of the cleavage. There are 
only a few sandstone layers in the formation and occasionally a small 
bed of limestone appears in the upper part of the slate. No foesils are 
known from this formation, but its age is fixed by the fossiliferous 
limestone immediately overlying it. 

Beebe limestone . — This limestone, which is only from 5 to 20 feet 
thick, would in most other regions be caUed a member of the slate 
formation; here, however, it is such an exceptional change from the 
usual character of the sediments and it is so fossiliferous that it is the 
most important formation of the entire Taconic sequence. It is 
named for its exposures near Beebe Pond, in Hubba^ton, Vt. If 
drawn according to scale on the map, it would appear only as a line, 
but it is everywhere present at the proper horizon so far as known. 
The detailed sequence of formations alre^y mentioned should include 
also the Hooker slate above the Beebe as being of equal importance. 
The fossils in this limestone were first found by Walcott in his study 
of the Taconic System of Emmons, and many collections have been 
made by later geologists. Although the formation is small, it commonly 
makes an impress upon the topography either as a line of low knolls 
or a shelf along the sides of hills made by other formations. 

Hooker slate . — This formation is a notably black slate with less 
cleavage than is xisual in this region. So far as is known, no fossils 
have yet been found in this formation. It appears, however, to be 
more closely associated with the Lower Cambrian formation than with 
the Ordovician ones which follow it. It is named from Hooker Hill, 
2 miles north of Castleton. The formation in the Taconic Range is 
only in contact with the Ordovician Poultney slate in one locality, 6 
miles southwest of Brandon, where a shallow syncline contains a little 
of the Ordovician formation. Southwest of the detailed area, however, 
and in the commercial slate belt around Fairbaven and Oranvillo the 
contacts with the Hooker and the Ordovician slates are numerous. 
They are distinctly outlined by the numerous quarries in the Lower 
Cambrian Bull slate and a similar set of quarries in the Ordovician red 
slate. These formations run parallel for miles and the contact shows no 
signs whatever of variation. This is all the more remarkable because 
at the horizon between the Hooker and the Ordovician slates there is 
foimd in northern Vermont a thick section of Middle and Upper Cam- 
brian formations, to say nothing of the Lower Ordovician formations 
which outcrop within a few miles to the west or north. Thus a signifi- 
cant break in the section appears here with no physical evidence to 
indicate it. Ihe formations on both sides are all thin, and even a 
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moderate amount of variation of the plane of hiatus would remove 
one or more formations. 

PouUney slate.— This and the overlymg Indian River slate are of 
Lower Ordovician age as indicated by the graptolites Graptolites 
were first found by Walcott in his early work on the Cambrian, and 
have since been found by many geologists. The Poultney slate, the 
lowest Ordovician formation, is named for its gWHl exposures in the 
town of Poultney at the boundary of New York 7 miles southwest of 
Castleton. The formation consists mainly of gray slate which be- 
comes lighter or even white on exposure. The most prominent feature 
of the formation is white or light gray chert which appears in very 
thin seams or in massive beds a foot or so thick. The formation resists 
erosion and it outcrops abundantly, making hills of considerable 
height. The normal succession of these beds following the Cambrian 
is well shown in a shallow syncline in Now York just west of Poultney. 
Around the sides and end of this syncline can be traced the thin forma- 
tions of the Lower Cambrian and Ordovician with perfect regularity. 
The fold pitches toward the south so that the yoimgest formations 
come in ^ally in that direction. The succession is almost equally 
clear for the small area of the formation already noted in the north 
end of the Range. 

Indian River slate . — This is a formation which furnishes the well 
known red slate of the New York slate industry. It consists mainly 
of bright red slate with a few thin seams or layers of fine green quart- 
zite; the latter occm- only locally. The slate owes its bright red color 
to the iron oxide which it contains. It is of such a brilliant red that 
it is quarried a mile southwest of Poultney for use in making red paint. 
The dust derived from grinding the slate settles m the district sur- 
rounding the mill and gives a lurid color to the landscape. The name 
for the formation is taken from Indian River, a few miles south of 
Granville, New York, where several red slate quarries are located on 
the banks of the stream. It overlies conformably the Poultney slate, 
and is also conformable beneath an unnamed black slate. 

Black slate . — The formation which overlies the Indian River slate 
has not yet received a name. It consists almost entirely of black 
or dark slate and thus contrasts strongly with the two preceding forma- 
tions. These three Ordovician formations make a sequence which 
is as distinctive as the underlying Lower Cambrian sequence. The 
whole section — Lower Cambrian and Ordovician — is repeated over 
and over again in the Granville region. The principal feature which 
diat.inpiiHbftH this slate is the presence therein of numerous grapto- 
lites. These and the graptolites in the Poultney elate are assigned by 
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Ruedemann to the Nonnaiiskill horizon of the Albany, New York 
region. 


GREEN MOtTNTAlN SEQUENCE 

General features . — The rocks of this sequence do not enter the 
quadrangles herein discussed and in which detailed work has been 
done. They lie to the east of the main crest of the Green Moimtains 
in the eastern part of the Rutland quadrangle and are there exposed 
in long, narrow belts closely paralleling the western front of the Green 
Moimtains. They are even more metamorphosed than rocks of the 
same age and character which appear in the Taconio Range. It is 
for comparison with the latter rocks that the Green Moimtain fonnar 
tions are described. This is essential to an understanding of the 
Taconic overthrust in this r^on. The rocks of the Taconic Range, 
as already stated, are thrust from the east across the rocks of the east 
half of the Champlain Valley and into their present position. The 
sole of the overthrust passes upward into the air along the east side 
of the Taconic Range and does not come down again untU far to the 
east in the middle of the Green Mountains. There, rocks of the same 
sort as those of the Taconic Range are found resting on the Plymouth 
marble, which is correlated with the Rutland dolomite of the Eastern 
sequence. The Plymouth marble rests upon the Cheshire quartzite 
and the latter upon the Algonkian formations of the Eastern sequence, 
lliese Algonkian and Lower Cambrian beds are repeated in parallel 
synclines which bridge across the anticlinorium of the Green Moun- 
tains in the northern part of the Rutland quadrangle. Southward 
from West Bridgewater, which is in the latitude of Rutland and about 
18 miles to the cast, the Plymouth marble forms a deep, narrow 
valley with a general southerly trend, bordered on the west by the 
Cheshire quartzite and on the east by the overlying Lower Cambrian 
schists. These are terminated a few miles east of West Bridgewater 
by a fault which extends far to the north and south. South of Ludlow, 
Vt. the Lower Cambrian formations are out out along this fault, but 
they reappear still farther south and form the Stamford Valley for a 
few miles north of North Adams, Mass. The great fault there passes 
under the foot of Hoosac Mountain and thence far to the south in 
Massachusetts. This fault is the root of the Taconic overthrust as 
now delineated in the Taconic Range, and the two parts of it are barely 
one mile apart in Mt. Greylock and Hoosac Mountain. This part 
of the fault has recently been determined and mapped by Prindle in 
Massachusetts and for some distance north of Bennington, Vermont, 
while the northern part of the fault in the Taconio Range was first 
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proved and announced by the present writer in 1912. The entire length 
of the fault in Vermont and Massachusetts has been examined by the 
writer. The following brief description of the rocks of the Green Moun- 
tain sequence will serve to show their parallelism with those of the 
Taconic Range. 

Pre-Cttnibrian rocks , — Formations of this age continue eastward 
from the Champlain Valley across the Green Mountains and differ 
little from place to place. In the latitude of Rutland the uppermost 
Algonkian formation — Moosalamoo phylhte — is not present, but 
farther north it comes in beneath the basal unconformity of the 
Cambrian. The description of the Algonkian formations of this sec- 
tion is practically the same as for the Eastern sequence. 

Cheshire giuirteite . — ^This Lower Cambrian formation consists mainly 
of quartzite, but it is thinner and more thinly bedded than the same 
quartzite of the Eastern sequence. The basal conglomerate of the 
formation is well shown, particularly in Sherburne, 12 miles north- 
east of Rutland, and there is the same central division of thin beds, 
now schists, parting the quartzites. A similar thinning and a similar 
subdivision may be seen in Stamford Mountain along the Massachu- 
setts border. 

Plynumth marble . — ^Exposures of this formation are few, as it is 
easily soluble and underlies the deep valley which bisects the Green 
Mountains in this region. The formation is composed chiefly of 
dolomitic marble which is grey or darkly mottled. In the town of 
Plymouth limestone conglomerates appear in the formation, some of 
wMch have been used for ornamental stone known commercially as 
“Plymouth breccia.” The marble is much folded nntl in places 
probably faulted so that its true thickness is imknown. This forma- 
tion is much thinner than the Rutland dolomite of the Eastern sequence 
with which it is correlated. 

AUnie schist. — Overlying the marble is a fairly thick body of dark 
schist or phyllitc. Most of this consists of sericite and quartz sprinkled 
with iron oxide dust, but in many places it is speckled with secondary 
crj^tals of albite 1 vocally these predommate and give a pepper and 
salt appearance to the rock. There appears to be repetition of these 
schists with the marble, but it seems more probable that this is due to 
folding or faulting than to original deposition. 

Pinney Hollow schist of Perry.— Tina formation was recently de- 
scribed by Perry as overlying the albite schist. The exposures in Pinney 
Hollow in the town of Plymouth appear to be traversed by faults so 
that the section there is not certain. In West Bridgewater, a few 
miW to the north, an excellent section of the formation is exposed 
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which might well have been taken as the type locality. The formation 
is uniform throughout and consists almost entirely of chloritio, musco- 
vite schist. This has a pale greenish color when fresh and on the 
weathered outcrops becomes greenish or whitish-grey with many 
r\iaty colored beds. Thin quartzite layers are found in the schist in 
many places and there is much secondary quartz in the lenses and veins. 
This formation is the precise duplicate of the Stiles phyllite of the 
Taconic sequence and like the latter forms hi^ ground or mountains. 

QuarUnte . — Overlying the Pinncy HoUow schist is a thin formation 
of quartzite of a dark bluish color but which weathers light gtay 
or white on exposure. No name has been given to this formation for 
it has not been worked out in detail. 

OUavquechee phylltle of Perry . — ^This formation of Perry’s marks an 
abrupt change from the preceding quartzite and green schist. It 
consists almost wholly of dark colored or black phyllite in which bedding 
is rarely seen. The formation is probably rather thick and similar 
in bulk to the Finney Hollow schist of Perry. It appears to be 
terminated at the top by a fault, so that the nature of the formations 
immediately following is not evident here. Not far to the east — in the 
central part of the State — other Cambrian formations are reported, 
and above them several formations of phyllite and limestone in which 
Ordovician fossils have been found. Thus far, detailed work has not 
progressed so far that the relations of these groups can be stated. 

GEOLOGY. —N'ofea on the Puerco and Torrejon formations, San Juan 
Basin, New Mexico.' C. H. Dawk, U. S. Geological Survey. 

During the summer of 1928 the writer was engaged in mapping 
for the U. S. Geological Survey the coal beds of the Upper Cretaceous 
Fruitland and Mesaverde formations in the southern part of the San 
Juan Basin, New Mexico. Plane table mapping was carried only to 
the top of the Ojo Alamo sandstone (which is in the opinion of the 
writer the uppermost Cretaceous formation of the region), but a 
reconnaissance map was made of the area to the north, where the over- 
lying Puerco and Torrejon formations of Eocene age are exposed. The 
base of the still higher Wasatch formation was also sketched. (Figure 
1.) Although the field study was thus limited, it seems worthwhile to 
correct some errors in the literature on the stratigraphy of the Puerco 
and Torrejon formations and point out that the Puerco formation 
may be present along the Rio Puerco, although the distinctive verte- 

' Received Mey 31, 1932. Published by permissioa of the Director of the U. S. 
Oeologioel Survey. 
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brate fauna by which alone it is recognised has not yet been found 
there. 


The history of the names Puerco and Torrejon has been traced in 
detail by Gardner* and Bauer* and summarised by Rceside.* The 
name Puerco was applied by Cope* to the series of beds on the Rio 
Puerco which arc now supposed to include both the Puerco and the 
overlying Torrejon formations. Although he collected no fossils from 
these beds at the type locality, numerous vertebrate fossils were sub- 
sequently collected for him in the region west of the Ihicrco River 
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Fig. 1. — Geologic map showing distribution of Ojo Alamo sandstone and Puerco and 
Torrejon fomations between Escavada Wash and Rio Puerco, New Mexico. 


from what he believed to be the equivalent of his Puerco beds. He de- 
scribed these fossils as the Puerco fauna. Wortman* later recognized 
two distinct vertebrate faunas in collections made near Arroyo Torre- 
jon and farther west. For the beds yielding the younger fossils he 

• J. H Gardner The Piiereo and Torrejon formalioita of the ffanmienlo group. 

Jour. Geology. 16: 702-812 1010 

• C. M. Baobr. Stratigraphy of a part of the Chaco River Valley U 8 Geol Sur- 
vey Prof. Paper 06: 276-277. 1916 

* J. B. Rbesidb, Jr Upper Cretaceous and Tertiary formations of the western part 

of the San Juan Basin U 8 Geol Survey Prof Paper IM: 35 1924 

* £ D CoFB Report on the geology of that part of northwestern New Mexico examined 
during the field eeason of 1S74 Chief Eng Ann Rept, for 1875, pt 2, appendix G 1. 
1008-1017. 1876. 

' Cited by H F Osborn and Chablkh Earlb Fossil Mammals of the Puerco beds, 
eeUsetion of last Am. Mub Nat Hist Bull. 7:2 1896 
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proposed the name Torrejon,* from exposures near the head of Arroyo 
Torrejon, and retained the name Puerco for the lower beds. His 
definitions have been since generally accepted. Gardner* used the 
term Nacimiento group (from the town of that name on the Puerco 
River, now known as Cuba) to include the two formations. This name 
has not been widely used. 

The Puerco and Torrejon formations are so similar in lithology that 
no separation between them has been made on this basis, although the 
faunas are so different that vertebrate paleontologiists believe that 
they are separated by an important hiatus. The stratigraphic po- 
sition of the hiatus has not been discovered. The vertebrate remains 
are found in thin fossiliferous horizons separated by much greater 
thicknesses of barren beds. As defined by its fauna the Puerco forma- 
tion is now known only for a distance of 35 miles along its outcrop 
from the head of the West Fork of Gallego Arroyo southeastward to 
Escavoda Wash. Since it is defined only by its fauna and no fossils 
have yet been found east of Escavada Wash, it is uncertain whether 
it is really present east of that locality. Rccside* preferred as a 
working hypothesis to consider that the I^crco formation is restricted 
practically to its present known area of outcrop and was overlapped 
elsewhere by the Torrejon formation. He based this suggestion on the 
demonstrated overlap of upper Torrejon over lower Torrejon north of 
San Juan River, from which the inference was logically drawn that the 
overlap might be progressive and the lower Torrejon have overlapped 
the Ihicrco beds to the north. If the disappearance of the Puerco 
faima to the north were to be explained thus, it seemed likely to Ree- 
side that a similar overlap might eiqilain the non-discovery of the 
Puerco fauna east of its known extent. Some support for this sugges- 
tion existed m the supiiosed thinness of the barren zone beneath Torre- 
jon fossils on Arroyo Torrejon and the Rio Puerco, and the failure of 
careful search to disclose Puerco fossils near the Rio Puerco. The 
supposed tliinness of the barren zone in this eastern area was based 
upon the sections given by Gardner** which have been subsequently 
modified and interpreted both by Sinclair and Granger" and by Ree- 
side.** 

' Cited by W D Matthew. A revtnon of the Pv«reo fauna Am Mua. Nat Hiat. 
Bull 0: 280 1807. 

■J H Gardner op nt 71.3 

* J B Reebide, Jb op ctl 35-36 

*• J. H Gardner op c\l 717-723 

*' W J. B1NCI.AIB and Walter Gkanobr Paltoceno deposiU of San Juan Bonn, 
New Mexico. Am. Miu Nat Hiat. Bull S3; 308. 1914. 

** J B Reebide, Jr. op nt FI 2 
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But the sections given by Gardner for the Arroyo Torrejon and Rio 
Puerco areas are certainly much too thin. As shown by his map, 
photograph, and sections, he interpreted the Ojo Alamo sandstone in 
the vicinity of the Rio Puerco as a sandstone in the lower part of the 
Puerco formation, and he included in the Puerco the beds below the 
Ojo Alamo and down to the Lewis shale. These beds are now known 
to include Kirtland shale, Fruitland formation, and Pictured Cliffs 
sandstone. If from the Rio Puerco section given by Gardner 281 
feet of beds at the top which are probably to be referred to the Wasatch 
and 179 feet of Ojo Alamo and older (’retaceous beds at the base are 
excluded there remains 379 feet for the combined thickness of the 
Puerco and Torrejon formations. The thickness of the Puerco and 
Torrejon formations at this place however, is actually more than 630 
feet as is shown by the section in Table 1 . 

Gardner correlated the fourth member above the base in his Rio 
Puerco section (now known to be Ojo Alamo sandstone) with the third 
member above the base in his Arroyo Torrejon section, a 30 foot tan 
colored sandstone, and stated that this is a very persistent horizon 
marker and was traced continuously from the Nacimiento Mountains 
to the Arroyo Torrejon and beyond. This 30-foot tan-colored sand- 
stone is quite surely Ojo Alamo and the 80 feet of shale below it is 
Kirtland shale. Accordingly Gardner’s Arroyo Torrejon section al- 
lows only 240 feet for the combined thickness of the Puerco and Torre- 
jon formations. An estimate by the writer, based on known contact 
elevations and locations and a minimum allowance for dip of 1 foot 
per 100 horizontally, gives a thickness, believed to be conservative, 
of 700 feet for the combined Puerco and Torrejon formations in the 
vicinity of Arroyo Torrejon. This diies not seem excessive compared 
with the incomplete section of 570 feet of Puerco and Torrejon meas- 
ured at the head of Ojo Alamo Arroyo, in T. 24 N., R. 11 W., by (.’. M. 
Bauer and J. B. Reeside, Jr.‘* 

Sinclair and Granger'^ in correlating their sections with the sections 
published by Gardner state that “In the Arroyo Torrejon section of 
Gardner the full thickness of the Puerco is certainly not exposed. Of 
the 210 feet referred by him to that formation 100 feet is now known to 
belong to the Torrejon because Torrejon fossils in abundance are found 
at the point indicated in the section, 100 feet below his Puerco-Torre- 
jon contact.” The point indicated in the section is just above the 30- 
foot tan-colored san^tone which is most probably the Ojo Alamo sand- 

" J. B. Ribsids, Jb. op ctl 07. 

W. J. SiNQiAiB and Walter Ghanqbb. op. cil 308. 



410 ZOXtBXAXt Of 


▼IM. VO. 14 


stone. Furtitennore, on the fame page they fpeak of *'the difooTory 
of Torrejon foeob immediately above the 30 foot bed of eandatone 
(third member above the base in the Arroyo Torrejon section).’* If 
these correlations were accepted, the Pueroo would be missing from 

Tabus 1— Sbctiok of Pcbbco (T) and Tobbuom FosuATioNa, Exfobbd in tbb Fxont 
or Cuba Mbba, in tbb Mobtbbabtbbh Pabt or T 20 N , B 2 W 
Mbabdbbd bt C B Hunt 

Wasatoh formation 

Sandstone and conglomerate 
Fnaroo (?) and Torrejon formationa 
San^tone, argiUaeeoiis, tan 
Sandstone, light tan 

Sandstone, argillaoeoua, tan in lower pari, gray above 
C3ay, in alternating light and very dark gray bands 
Sandstone, gray, massive and cross bedded 
Clay, in alternating light and very dark gray bands 
Sandstone, tan, cross bedded 

Clay, sandy, gray, with some bands of dark gray olay 
Sandirtone, gray, cross bedded 

Clay, in alternating bands of variable thickness, light and very dark 


gray 12 

Sandstone, gray, cross bedded 82 

Clay, in alternating bands of light and very dark gray 38 

Sand^ne, gray, cross bedded 10 

Sandstone, with spheroidal concretions of dark manganiferona (?) mater- 
ial, more than a foot in diameter 3 

Sandstone, gray, cross bedded 10 

Clay, in alternating light and dark gray bands 70 

Sandstone, fine grained, light gray, with dark manganiferona (?) con- 
cretions 18 

Clay, in alternating light and dark gray bands 24 

Samistone, fine grained, light gray 5 

Clay, in alternating light and dark gray bands, white at the base 20 
Coal 0 2 

Clay, banded light and dark gray 16 

Shale, dark carbonaceous, not a persistent bed 0 8 

Coal, a bed locally as much as one foot thick and continuous for three 
quarters of a mile 0 8 

Olay, dark gray with some hghter gray bands 18 

Sandstone, fine grained light gray, of variable thiekneaa 7 

Clay, light and dark in alternating bands 48 

Concealed for the most part but probably banded olay 60 


Thickness of Pueroo (?) and Torrejon 088 4 

Ojo Alamo sandstone 

Sandatone and conglomerate 


Arroyo Torrejon eastward. It appears, however, that Sinclair and 
Granger were misled by the erroneously thm section (dven by Gardner 
into behevmg that the lower fossil horizon, 1(K) feet below the upper 
one, would fall just above the 80 foot sandstone (now recognized to be 




411 


the Ojo Afaono). Howevw, they further itste that the two Torrejon 
foeall horiaooB are exactly 100 feet apart and that both horicons were 
traced from the East Fork of Arroyo Torrejon to the west branch of 
Kimbetoh Arroyo. Inaamuch as the Arroyo Torrejon collecting lo- 
oalitiee located on their sketch map and described in their text are in 
the face of the cliff capped by the basal sandstone of the Wasatch it 
appears most likely to the writer that both Torrejon horizons are 
actually well above the Ojo Alamo sandstone. 

According the writer believes that in the Arroyo Torrejon section 
there ate probably 460 feet of beds below the lowest Torrejon fossils, 
in which quite possibly there are beds equivalent to the Fuerco beds 
farther west. Because the combined thickness of beds of Puerco and 
Torrejon lithology along the Bio Puerco is less than 100 feet thinner 
than the probable thickness of the Puerco and Torrejon formations on 
Arroyo Torrejon, it further appears that an equivalent of the Puerco 
formation may also be present along the Bio Puerco. 

PALEONTOLOGY . — Fossil PtnnotJurids from the California Miocene.^ 
Mabt J. Rathbxjn, U. S. National Museum. 

Mr. E, W. Galliher of the Hopkins Marine Station has sent to the 
National Museiun a number of specimens of Pinnotherid crabs from 
the type locality of the Monterey formation at Pacific Grove, as follows; 

Specimens 1-fi, from the top of hill with elevation of 610 feet about 
1 mile W. of N. of Loma Alta and stratigraphically 700 feet approxi- 
mately above the base of the type section of the Monterey formation. 

Specimens 6-9, 11, 12, from the top of Loma Alta (northerly peak) 
and stratigraphically about 1000-1300 feet above the base of Uie type 
section. 

The specimens are embedded in Monterey shale of a pinkish cream 
color. The most abimdant species, Pinnixa galliheri, varies in color 
from ochraceouB b\iff to raw sienna; Parapinnixa miocenica, from ecru 
drab to bistre; while the single specimen of Pinnixa mantereyensis is 
mummy brown. 

Pinnixa galliheri, new species 

Caiapaoe In shape akin to P. fabaf the anterior margin advanced at mid- 
dle, lateral marg irm arcuate, oontinaous with the antero-lateral curve; length 
a little more than 2/3 of width; greatest width a little in advance of middle; 
surface finely and closely pitted or reticulate. Qastne region defined; meso- 
gastilo almost an equilateral triangle, a pit at each angle, a groove extending 

* PaUiahed with the permission of the Secretary of the Smithsonian Institution. 
RaeeiTedMay 7, 1032. 

* M. J. lUTaaim. A rsesnt speotM, Alatka to Son Ptdro, California. Bnll-U. 8. 
Nat. Mus., STi 142, pi. 31, figs. 1-4, and synonymy. 1018. 
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Fix 1 — Pinntxa gaUthen, No 4, holotype, dorsal view showing half of outer surface, 
X 3 Fig 2 — Pinntxa gallthert, No 12, dorsal view for legs, x 3. Fig 3 — Pinntxa gal- 
Ixhen, No 11, ventral view for abdomen, x 3 Fig 4 — Ptnnixa gallthert, No 6, ventral 
view for outline of carapace, x 3 Fig 6 — Ptnntxa gallthert, No 6a, largest specimen, 
dorsal view, x 3 



Fig 6 — Parapinnixa mtoeentca. No. 9, dorsal view, x 3 Fig 7. — Parapinnixa 
miocentca. No la, ventral view, outer layer preserved, x 3. Fig 8.— Parapinnixa 
mtocemca. No 3, ventral view fur sternum and abdomen, x 3 Fig 9. — Parapinntxa 
miorernca, No lb, holotype, dorsal view (inner surface), x 3 Fig 10. — Parapinnixa 
mioeeniea. No 6b, dorsal view, dark>oolored, x 3. Fig. 11.— Pinnixa monlereyenrie. 
No 8, holotype, ventral view, showing shape of abdominal oavity of cf, x 8 
412 
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from its anterior end to the margin of the front. Cardiac region faintly 
outlined. 

Chellpeds stouter than legs, neariy as long as palms, upper margin 

of daotylus strongly curved. Ambulatory legs mcreasing in len^ from the 
first to the third, fourth leg much the smallest; meropodites narrow, the tot 
one recurved, 5 times as long as wide, the second straight, equally wide, 6 
times as long as wide, the thi^ wider, nearly a fourth longer than the second, 
its length 4.4 times its greatest width; carpus-propodus as long as merus, pro- 
poduB tapering distally. Fourth leg very feeble, reaching if extended atout 
to end of merus of third pair; carpus, propodus and dactylus subequal in 
len^h, dactylus with straight margins. Sternum irregularly punctate. 
Male abdomen gradually narrowing distally, terminal segment broadly 
rounded. 

Meaaurementa . — Length of carapace 7 8, width 11 8 mm. 

Spectmem. — Nos. 2, 4 (holotype), 5a, 6, 7, 11, 12. 

Plnnlza montereyensis, new species 

Only the ventral surface of the single specimen is exposed. Carapace of 
o’ narrow, approximately 8 mm long and 10 wide. Posterior margin nearly 
straight, antenor and lateral borders forming a single arch. Abdomen taper- 
ing gradually to the terminal segment where it widens, the segment havmg 
arcuate sides, projecting laterally and ending in a shallow median point, as 
in P. tranaversaha.* Of the ambulatop^ legs, the third is longest, second 
next, first and fourth subequal; a terminal spine above on the merus of the 
tot leg. 

Specimen — No 8, holotype 

Porapinniza miocenica, new species 

General shape of carapace similar to that of the Recent P. nthda (Locking- 
ton)’ from tho Gulf of California. Carapace nearly twice os wide as long, 
widest in anterior half, anterior margin nearly transverse, antero-lateral angles 
broa^y arcuate; surface, so far as exposed, very finely punctate; a deep pit 
at the posterior corners of the mcsogastric region. Chelipeds strong; carpus 
with arcuate outer hne; movable finger longer than palm First ambulatory 
leg long and strong; merus widemng from proximal to distal end; propodus 
diminishing gradually to distal end, about 2} times os long on upper margin 
as its proximal width. Male abdomen occupymg ^ the width of proximal 
end of sternum and gradually tapenng; tip unknown. 

Meaaurementa — ^timatcd length of carapace 5 2, widtli 0 mm. 

Specimens — lo, 16 (holotype), 3, 56, 9. 

'op ci( , p 132, fig 76. 

' op ei(,, p 108, fig 68a 

PALEOBOTANY . — Foaail stipules of Platanua.'^ Edward W. Berry, 
Johns Hopkins University. 

The presence of stipules in connection or association with fossil 
leaves is always an item of especial interest, since they are exceedingly 
rare as fossils. This is possibly due to the fact that so often they 
attain their best development on spring shoots which last are less 


Received June 2, 1032 
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likely to become fossilized than deciduous leaves. It might be ex- 
pected that fugaceous stipules would frequently be preserved in spite 
of their sometimes delicate nature, and possibly many of not especially 
characteristic form have been passed by, but as a matter of fact very 
few have been recorded, and in many years experience in handling 
large quantities of fossil leaves I do not recall having found detached 
stipules except in the case of Salix* and the present instance. 

Many years ago the late Lester F. Ward gathered together all of 
the references to stipular-like lobes or appendages in the genus Pla- 



Fig 1 — Fossil stipule in the genus Plstanus, probably referable to Plalanru dmeeta 
Lesquereux Figs 2, 3, 4 — Examples of stipules of Platanua oendentalii Linnd. 


tanus, and in several papers' advocated the idea that in this genus the 
modem type of stipules had been derived from ancestral basal lobes of 
the leaf lamina. None of Ward’s examples are, however, like the 
modem type, such as is the specimen which is the subject of the pres- 
ent note. 

• E W. Berht U S Geol Survey Prof Paper IM: 242, pi 62, fig 6; pi. 64, fig 9. 
1029. 

> L. F Ward U S Nat Mus Pror 11: 30-42, pi 17-22 1888; Am. Nat , Sept 

1890. 707-810, pi 28 
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In earlier years I collected many specimens of Platanus occidentalia 
which illustrated Ward’s hypothesis, and at that time made large 
collections which seemed to show a parallel ancestry for the stipules 
in the genus Liriodendron.* If this assumption is true, the origin of 
stipules in Liriodendron must have taken place during Upper (;:re- 
taceous time because what appear to be stipules of the normal mod- 
em type are foimd in the Atcne beds of western Greenland.®- • 

The fossil Platanus stipule comes from the upper Miocene Latah 
formation outcropping in a cut of the S. P. & S. Ry. at Spokane, Wash- 
ington, and was collected by E. E. Alexander. It comprises the speci- 
men shown in Figure 1 and a part of its counterpart, and may be de- 
scribed as follows; Reniform in general outline with five principal 
lobes, of which the uppermost is the largest. Ixibes conical, pointed. 
Sinuses shallow, in no case extending as much as half way to the pomt 
of attachment, the two upper narrow, the two lower wide and scarcely 
perceptible. Margin with a few irregularly spaced tiny serrate teeth. 
Length about 4.25 centimeters. Maximum width about 2.25 centi- 
meters. Texture firm. Veins well marked. 

There are minor differences only between the fossil and some of the 
modem form of stipules in our conunon eastern Platanus occidentalia. 
Others have either less extended or more extended lobes. The vena- 
tion of the fossil differs in but a smgle feature from that of the recent 
forms and this is that the midvem of the superior lobe is a branch of 
the midvein of the second lobe, a feature whicli I have not seen in 
modem stipules of Platanus although it may well occur in certain 
cases, and is a feature of no great significance in any event, as may be 
seen by the variation in the primary or secondary nature of the mid- 
veins of the inferior lobes. 

The normal stipules in both the California Platanus racemosa Nuttall 
and our eastern Platanus occidentalia Linn6 may be • ntire or dentate, 
and on especially vigorous shoots of saplings and from cut stumpis are 
frequently as large or larger than the fossil. The modem, and pre- 
sumably the fossil stipules, are normally united laterally to form a 
perfoUate affair attached by a basal tube wliich surrounds the shoot 
above the insertion of their respective leaves. Five or six of the 
principal veins extend in a parallel manner to the base of this tube. 
Rarely are the two members of a stipulor pair exactly alike in outline, 
and one member of the pair is usually considerably smaller than the 
other. 

®E.W. Bbsrt. Bull.TorrayBot.aubSS; Sept. 1901. 

• O. Hub. FI. Foea Aiot S: part 2: 00, pi 23, fig 8 1882. 

•E.W.Bhbbt. TorreyaS; 129,flK 4 1003. 
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The question of the particular leaf species to which the fossil stipule 
belongs can be settled with some degree of certainty. Three nominal 
species of Platanus have been recorded from the I^Atah formation. 
These are the common and widespread Platanus dissecta Lesquereux, 
the somewhat protean Platanus aspera Newberry, and Platanus ap- 
pendiculata Tjesquereux. The last is of somewhat doubtful identity 
in the Latah and was based upon a single incomplete specimen with a 
perfoliate basal lobe. The present fossil stipule could not possibly 
have belonged to Platanus appendiculata unless it is conceded that it 
had both basal lobes and normal stipules at the base of the petiole, 
which is possible but not probable. The character of the dentition of 
the fossil stipule would seem to me to exclude Platanus aspera from 
consideration, thus leaving Platanus dissecta, which is the commonest 
Miocene and the commonest Latah species, as the probable parent. 

I have seen no modem stipule precisely like the fossil, but have 
figured three stipules of Platanus ocetdeniahs and it will be seen that, 
although not identical, there is much less difference lietween the fossil 
stipule and Figure 2 of occidenialis than there is between Figure 2 and 
the extreme dentate forms of oendentahs shown in Figures 3 and 4. 
It is at least clear that the modern type of stipule in this genus 
was in existence as early as the late Miocene, and that the stipules 
have undergone but slight and certainly no essential change since 
Miocene time. 

PROCEEDINGS OF THE ACADEMY AND AFFILIATED 
SOCIETIES 

GEOLOGICAL SOCIETY 
487th UEETINQ 

The 487th meeting was held at the Qwmos Club, March 9, 1932, President 
F. E. Matthes presiding. 

Program: G F. Ix)uani4iN: The resuUs of recent geologic work at Cripple 
Creek, Colorado . — The speaker confined his remarks mainly to the structural 
development of the denuded Cripple Creek volcano, which was formed by 
the explosive eruption of phonohtic and related material through pre-Cam- 
brian granites, schist, and gneiss. The principal causal factors were the 
settling of the fragmental material in the crater and intermittent regional 
compression. Settling was first illustrated by the local explosion pipe known 
as the Cresson “blowout,” which has an elliptical form and tapers downward 
into two “roots” that have an easterly alignment. 

The main crater was developed along a complex network of fissure sones, 
the principal one trending east and southeast. Exposures in the deeper min e 
workings show that it also tapers downward with increasingly elongate form 
and probably separates into several roots. Settling develop^ steep^ dipping 
fissure systems normal and parallel to the walls of the elongate parts, and also 
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gently dipping fissures or “flats.” Hegional compression developed muior 
shear lonee in and around the volcanic mass, many of which coincided in the 
general direction with the fissures due to settling. The more profound of 
these shear sones determined the courses of dikes and ore deposits, which, 
especially in the shallower part of the mass, spread along the “flats.” 
(AuiAor'a abstract.) 

Discussed by Mr. L. H Shitb. 

SiDNirr Paioe- The angin of the Vredefort dome . — Tn a recent publication^ 
Hall and MollengraaiT dcsonlie and discuss a remarkable, perhafis unique, 
geologic structure. The Vredefort granite, a circular mass about 40 kilo- 
meters in diameter is surrounded by a girdle of overturned, metam>rphoaed, 
sedimentary and igneous rocks. ITie mvcrsion of the sediments mvolvcs not 
less than 10,000 meters of strata and the metamorphism affects in places as 
much as 3000 meters of strata. Basic rocks invade the peripheral sediments in 
sill-like masses and also are found cutting the granite parallel to the contact 
and in places normal to it. 

The authors conclude that the Vredefort granite is not intrusive into the 
sediments that surround it, but is the ancient floor upon which the sediments 
were laid down, and that the structure as observed today m due to cenlrtp- 
etal pressure the nature and cause of which is franldy admitted to be unex- 
plained. The authors are the first to admit that many facts of observation 
are open to divergent interpretations. There arc many such aspects of the 
problem that cannot be discussed here, or even mentioned, but are apparent 
on a careful study of the monograph and which the writer hopes to consider 
at another time. 

The writer believes that the facts presentotl by Hall and Mollengraaff 
support the following thesis: — (1) That the ancient floor of gmuite and schist 
upon which the Witwatersrand bods were laid down was invaded by a later 
granite; that the invaded floor was heated to a point where plasticity pre- 
vailed and the mvaded floor and the invading granite acted essentially as a 
relatively stiff magma, that the circularity of the rntrusion was due to this 
fact alone; that the vertical upward movement of the ro-melted, invaded, floor 
created a great diatenstonal dome; that continucil upward movement brought 
about faulting at a late stage, along rodu of the dome in the zone of fracture 
and that ultimately these faults extended to the base of the sedimentary col- 
umn; that low angle conccntnc shears developed, that in view of these struc- 
tures the magma collapsed laterally which was the direct cause of the over- 
turned structures observed today (2) That the Vredefort domical structure 
is but one of a number of anticlinal structures, viz; — the Johannesburgh, 
Ventersdoorp and Heidlebcrg anticlines, all causally related) that the related 
anticlines are equally due to forces actmg vertically upward, and producing 
distension of the crust; and that the lack of overturning except at Vredefort 
is to be explained by the fact that at other places the basement floors were not 
invaded or re-heated to any substantial degree; that the motivating force of all 
these uplifts was tsostattcaUy related to the enormous downwarp of the Bush- 
veldt complex, immediately to the north, that the broad picture suggests that 
an immense crustal downwarp in one area resulted in subterranean transfers 
of material, re-heating of an ancient basement, invasion of the basement, dis- 
tension of the crust by vertical uplift on a grand scale, with local violent 

* Hall, A. L., and MoLLKNORviarF The Vredefort Mountain Land in the Southern 
tool and the Northern Orange Free State Ver K Akad van WetenBchappon Amatordam 
(Tweede Beetle) Deel U- No 3 1925 
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compression of a thick series of sedimentary rocks owing to their displacement 
by an essentially igneous mass. {Avthor^a t^bHract.) 

Discussed by Messrs. Johnston and Rubcy. 

D. F. Hbwbtt: The habitat of manaaneae minerale. 

Discussed by Messrs. Hess, L. H. Smith, Louohlin, C. S. Ross, and 

SCHAIHEB. 

488th uebtinq 

The 488th meeting was held at the Cosmos Club, March 23, 1932, President 
F. Fi. Matthes presiduig. 

Informal commumcattona Mr. F. L. Hess described the occurrence of 
hydrocarbons in samples of pegmatites from Parry Bound, Ontario, Canada. 
The partly dried oil or hydrocarbon occurred in cracks in feldspar crystals 
and some of the globules ^re minute crystals of ppite and quartz. A much 
harder hydrocarbon, nearly pure carbon, called tnuchohte appears to have 
replaccil uranonite. 

P. F. Shenon described some platinum placer concentrates from Waldo. 
Oregon which contained small rings, llicse nngs proved upon spectral 
ana^mes to be fragments of tungsten filaments from electric light bulbs. 

W. D. Johnston, Jn. showed tables and graphs of geothermal data and the 
adjusted geothermal gradient of Grass Valley, Cal. He compared this 
gradient with that observed in other deep mmes. 

Discussed by G. B. Rice and W. H Bradley. 

H. B. Ladd: The Melaneatan ConttnerU . — The hundreds of islands which 
are concentrated m the southwest quarter of the Pacific Ocean may be divided 
mto two groups, the oceanic and the contmental. The latter, Mowing plu> 
tonic and metamorphic rooks in addition to the volcanic rocks and limestone 
which characterize the oceanic islands, all lie withm a line drawn from Yap 
southeastward through Turk, New Ireland, the Solomon Islands, and Fiji 
to Tonga, thence south west ward through the Kermadecs to include New Zea- 
land and certain of its outlymg islands. Fossiliferous Paleozoic and Meso- 
zoic rooks have a wide and somewhat systematic distribution witiiin the area 
thus outlined, indicatmg that large parts of it have been above the ocean 
depths for much of geologic time. 

^e distribution of the arcs and fore-deeps suggests that this area, whose 
boundaries roughly comcide with those of Melanesia, was built up originally 
as a senes of fold^ mountains. There is much evidence however, particu- 
larly from Fiji, Tonga, and New Zealand, to support the hypothrais that block 
faulting, with the extrusion of volcanic material along some of the major fault 
planes, was initiated prior to the Miocene and is largely responsible for the 
present distnbution of land and sea. (Author’ e abstract.) 

Discussed by Mr. Matthes. 

C. W. Whioht: The 1931 Olacier Bay expedition . — The writer showed the 
present positions of the glaciers and extent of the ice cap within the Glacier 
^y region, S E. Alaska, and also the outhne of the ice field at the time he 
and his brother, F. E. Wnght, mapped the area 26 years ago. The tidewater 
glaciers have aU receded, some of ^em several miles up the inlets, and cer- 
tain of those that were at tidewater in 1906 are now a mile or more back on 
the land, due in part to the recession but largely to the advancing delta de- 
posits. At the Rendu Glacier, with a drainage area of 30 square miles, it was 
estimated that 70 million cubic feet of material are being deposited at the 
delta each year, which has advanced over 3,300 feet in 26 years. 
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It was also estimated that the rate of ablation of the entire Glacier Bay 
ioe cap, covering 600 square miles, has averaged from 20 to 25 feet per year 
more than the snow fall. During the past 26 years the ice plateaus, the sur- 
face of which was at 1,000 to 1,200 feet altitude, arc now but 600 feet above 
sea levd, and many of them will be gone within a decade or two owing to the 
more rapid rate of melting at the lower levels. 

The disoovery of two buried forests at different levels m the same gravel 
bank and another at tidewater with tree trunks rooted in undisturbed beds of 
top soil indicates definitely that there have been several penods when the 
Glacier Bay area was covered with luxuriant forests. In view of these facts, 
the writer referred to the reason for the present recession and past advances of 
the Glader Bay ice cap as a fight for supremacy between the sun rays, which 
are melting down the surface of the ice, and the snow f^l, which is respon- 
sible for its existence. 

Glacier Bay borders the Pacific Ocean where the storms come from the 
south and southwest. As the area of perpetual snow is diminishing within the 
Glacier Bay area, the cold atmospheric conditions necessary for abundant 
snow fall are therefore lessening, and many of the storm clouds now pass over 
the Glacier Bay area and precipitate their moisture along the coast range 160 
miles to the southeast where the areas of perpetual snow are increasing m 
sixe and colder atmospheric conditions prevail. That this is so is evident from 
the advance of the Taku, a Cktast Range glacier, the face of which during the 
past 26 years has pushed forward about two miles, a half-mile of which has 
been added during the past two years. 

Other causes such as the earthquake in 1809 and the effect of the Japan 
current and the local high tides have aided somewhat the recession in Glacier 
Bay, but those afiect only a small portion of the ice cap fnnge and the mam 
cause of recession must be the sun rays which attack the entire surface. 

The reasons for the several changes from the long penods of recession ex- 
tending over several centuries to even longer periods of advance are not so 
clear. The recession usually continues until the glaciers have receded far 
up the mountain valleys and the exposed land areas have been overgrown by 
dense forests. These forests may have had their effect in helping to retain 
and protect the snow fall from the sun's rays at the lower elevations, thus 
giving a chance for the area of perpetual snow to mcreasc, and gradually to 
alter the local atmosphenc conditions so as to encourage more abundant snow 
fall and thus start a now cycle of glacial advance. The writer does not believe 
that the ioe recession in Glacier Bay is connected with any general climatic 
cycle but that it is a local phenomenon recurring every few thousand years 
due to changes in local atmospheric conditions. {AiUhor’a abalract ) 

Habbt Fielding Reid. Glacier Bay 40 years ago . — The spwkcr showed 
lantern slides of the glaciers of Glacier Bay in 1890 and 1802 and contrasted 
them with others made last summer. They showed enormous changes, three 
of them, the Muir, the Grand Pacific, and the Johns Hopkins havmg retreated 
about ten miles. The many old forests buned under thick deposits of gravels 
show that at no very long time ago the glaciers were markedly smaller than 
they are now; and that the great ^vance of 160 years ago was of short dura- 
tion. {Auihor’a abstract.) 

Mp Wbight’s and Mr. Reid’s papers were discussed together by Messrs. 
W. O. Field, Burchaed, Capps, Cottswohth, and Mattheb. 

J. F. Sctiaiber and W. H. Bradley, Secretaries. 
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SCIENTIFIC NOTES AND NEWS 

Under the proviaionB of the EctmcHny Act, E. 0. Ulbicb, M. R. CAMFSau, 
and F. C. Schradbh of tiie Geological Survey were retired June 30. 

By order of the President the following memben of the Academy are 
exempted from the retirement provisions of the Act: Wai/tib Hough, 
National Museum; William J. Humphbbtb, Weather Bureau; Chahlm F. 
Mabvin, Weather Bureau; Timothy W. Stanton, Geological Survey (tem- 
porary extension); Leonard Stbjneobb, National Museum; C. David 
White, Geological Survey. 


^iittuarp 

Dr Georoe K. Burqiss, director of the Bureau of Standards, past presi- 
dent of the Washington Academy of Sciences, died of cerebral hemorrlu^m on 
July 2, 1932. He was bom m Newton, Mass., Jan. 4, 1874. After graduat- 
ing from the Massachusetts Institute of Tecbnolof^, he studied at tiie Sor- 
bonne in Pans. There he redetemuned the value m the Newtonian constant 
of gravitation, receivmg his doctorate in 1901 with highest honors. Dr. 
BuHOEsa entered the Bureau of Standards in 1903 and by his aUlity and 
application advanced steadily from assistant physicist to director of the 
Bureau. His first work was m the field of P 3 Tometry. In 1913 he become 
chief of the metallurgical division. He was appoint^ director on April 21, 
1923. 

Dr. Bubobbs was chairman of the National Besearch CounoU, a member of 
the National Advisory Committee for Aeronautics, of the National Academy 
of Sciences and of the Washington Academy of Sciencee. He was the United 
States delegate to the seventh International Conference on Weights and 
Measures in Paris in 1927 and to the world Engineering Congress in Tokio in 
1929; president of the National Conference on Weights and Measures; 
monber of the Foreign Service and Engineenng Commissions; director of 
the Amencan Stand^s Association; honorary member of the American 
Foundrymen’s Association; member of the American Institute of Mining and 
Metallurgic Engmeen; past presidrat of the American Society of Steel Treat- 
ing, and American Society for Testing Materials; member of the American 
Commission on the Annual Tables of Ph 3 ^ioal and Chemical Constants; 
member of the Optical Society of America, the American Physical Society, 
Philosophical Society of Washington, and the American Institute of Metab; 
fellow of the American Association for the Advancement of Science; honorary 
member of the Japanese Societv of Mechamcal Engineers; chairman of the 
Federal Spedfioations Board, the National Screw Thread CommlssioD, and 
the Fedend Fire Council. 

Dr. Charles Wallace Richmond, associate curator of birds, U. S. 
National Museum^died in Washington May 19, 1932. Dr. Richmond was 
bom in Kenosha, Wisconsin, Dec. 31, 1868. He became a page in the House 
of Representatives in 1881, joined iJie Geological Survey In exploration in 
Montana in 1888, and became ornithological clwk in the division of economic 
omitholo^ and mammalogy in the Department of Agriculture on his return. 
In 1894 he was appointed assistant curator of birds at the U. S. National 
Museum and in 1918 associate curator. He was a recognised authority cm 
problems of ornithology. 
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BOTANY. — A species of Pythiogeton isolated from decaying leaf- 
sheaths of the common cairtailJ Chablbb Drechbleb, Bureau of 
Plant Industry. 

Late in October 1031, some specimens of the common cat-tail {Typha 
kUifoUa L.) collected in marshes near Port Clinton, Ohio, were sub- 
mitted to me as being illustrative of a disease through which the cat- 
tail stands in that neighborhood had been damaged so severely that 
the loss of thousands of muskrats from lack of winter food was being 
anticipated. The trouble affecting the plants was apparently of the 
type usually referred to as foot-rot, being evidenced in every case 
chiefly in eEtensive watersoaking, brownish discoloration and eventual 
decay of the basal portions of the fleshy claspmg leaf-sheaths. An 
assortment of fungi, including nearly a dozen species of Pythium, 
were isolated from the affected tissues. Among these, a certain form 
very similar to the one previously described by me (12) as Pythium 
hehcoides, if, indeed, not identical with it, made its appearance es- 
pecially frequently, thereby suggesting that the similarity of the injury 
to that which I have frequently observed m Wisconsin on leaves and 
petioles, of the white water-lilies (Nymphaea odorata Ait. and iV. 
tuberosa Paine) attacked by an undoubted member of the helicmdes 
Series, may perhaps not be altogether accidental. Any more definite 
opinion as to parasitic relationships will require specimens of diseased 
cat-tails collected, needless to say, earlier in the season, showing 
fresh lesions on vegetatively vigorous plants. In the meantime, it 
may not be inappropriate to direct attention to another fimgus in the 
assortment of pure cultures obtained, because of interest attaching to 
it as a member of probably the m<wt critical genus in the Pythiaceae. 

The genus in question is Pythiogeton, erected by von Minden (20) 
in 1016 to include three aquatic fungi growing on submerged decaying 

* Seeelvwd June 6, 1932. 
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plant substrata, and described by him as Pythiogeton utriforme, 
PytkxogeUm tranavergum and Pythiogeton ramoaum, the last-mentioned 
being regarded by its author as of somewhat doubtful independence. 
A feature common to all of these forms was the production of a charac- 
teristically elongated utriform sporangium attached at its upper end 
to the supporting hypha, its axis therefore not coinciding with but 
rather directed transversely to that of the latter. In spite of its 
obviously striking aspect, von Minden did not consider the asym- 
metrical sporangium as in itself making necessary a genus distinct 
from Pythium, for, os he soundly reasoned, not only were subspherical 
sporangia and sporangia intermediate in shape between the subspherical 
and utriform types present in his fungi, but the genus Pythium already 
embraced a variety of sporangial types to which another might be 
added without much violence. At the tunc rather little was known 
concerning the occurrence of lobulate sporangia in Pythium, so that 
grounds were then lackmg for an obvious but evidently somewhat 
specious analogy that might later have suggested itself between the 
utriform sporangia on the one hand and the individual digitate swollen 
sporangial elements of such forms as Pythium arrhenomanea Drechsl. 
in which these elements often attain comparable, if not equal dimen- 
sions, on the other. A most distmctive feature of Pythiogeton von 
Minden recognized in the sequence of events intimately related to the 
production of zoospores- the discharge of the sporangial contents 
through an evacuation tube into a tubular or elongated vesicle, the 
accumulation of these contents in the distal portion of the vesicle, the 
disintegration of the vesicle membrane, and the subsequent fashioning 
of the zoospores from the protoplasmic mass, now naked and directly 
in contact with the surrounding water. Although von Minden did not 
succeed in isolating and cultivating in pure culture any of the three 
species of Pythiogeton described by him, he was able with some degree 
of certainty to relate sexual structures to Pythiogeton utriforme and 
Pythiogeton tranavergum. The extraordinary thickness of oospore wall 
shown by him in his figures of both these species is assuredly absent 
from any species of Pythium hitherto described, as is also the polygonal 
shape of the mature oogonium depicted by him for Pythiogeton trana- 
vergum. Among additional features mentioned by von Minden as 
setting Pythiogeton apart from Pythium, were the occurrence of a long 
evacuation tube; the helicoid involvement of the hypha supporting 
one sexual organ by the hypha bearing the other, present in Pythiogeton 
tranavergum; and the absence in Pythiogeton utriforme, at least, of any 
contraction of the oogonial contents preliminary to the formation of tlm 
oospore wall. 
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Except for the recent citation by Ito and Nagai (16) of Pythiogeton 
ramosum among the fungi isolated by them from rice seeds and rice 
seedlings in Japan, and a brief di8c\is8ion by Sparrow (23) of a fungus 
which he found in three localities in North America and identified 
likewise as Pythiogeton ramosum, the literature since the appearance of 
von Minden’s paper seems to present no first-hand information con- 
cerning any member of the genus under consideration. In various 
general accounts dealing at second hand with the taxonomy of the 
Phycomycetes, Pythiogeton has been adopted as a valid genus distinct 
from Pythium, though the grounds for the distinction have not always 
been those which von Minden apparently considered most decisive. 
Meanwhile additional information concerning many species of Pythium 
then known has come to light, and a considerable number of new 
species have been described, so that the meaning of the latter genus 
has in some respects been modified or extended. In a treatment of 
the species of Pythiogeton isolated from the common cat-tail, some 
consideration may therefore well be given to the more recent changes 
in our understanding of allied genera. 

In his discussion of the taxonomic position of Pythiogeton, von Mm- 
den stated that his species showed sunilarity to Pythium in the de- 
velopment and vegetative habit of their mycelia. \» this investi- 
gator was working entirely with water cultures, it may be inferred that 
his comparison applies primarily to the extramatrical submersed 
portions of mycelium that can be readily taken up from such cultures 
and conveniently examined. When cultivated m liquid media, us, 
for example, decoctions of lima beans, of maize meal, or of yeast, the 
fungus isolated from leaves of cat.-tail likewise shows a general sim- 
ilarity to the more dehcate species of Pythium, the wider and longer 
axial hyphae being nearly straight or smoothly fluxuout* m course, 
the shorter lateral branches borne on them being of more irregular 
course and giving off at much shorter intervals, branches of inferior 
lengths. As among species of Pythium, each of the hyphal elements 
in the actively growing portions of mycelium, appears usually, though 
not constantly, to be smaller in diameter than the clement from which 
it originates, the diameter at the base being, however, sustamed well 
toward the termination with scarcely any diminution. Perhaps the 
branches are rather more frequently mserted at angles approaching a 
right angle than in most species of Pythium, among which a more 
forward orientation is usually apparent, yet the difference is certainly 
not very marked when some of the more exceptional members of the 
latter genus are considered. With respect to the contents of the 
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mycelium, a general similarity with species of Pythium is again 
evident, the protoplasmic material here also showing a condition 
median between the rather diaphanous, sappy composition apparent in 
species of Aphanomycea and the very substantial densely granular 
composition common to species of Phylophihora. 

VS^en the fungus under consideration is grown on soft artificial gel 
substrata, such as can be prepared by adding to suitable decoctions 
agar-agar in the proportion of one part in a hundred, the vegetative 
habit is not markedly different from that resulting from growth in a 
liquid medium. Appressoria in the form of terminal clavate disten- 
sions, and very similar therefore to those produced by many species of 
Pythium, make their appearance in large numbers on surfaces where 
the mycelium comes in contact with a solid body, as, for example, on 
the under side of a petri-dish culture (Fig. 1, A; Fig. 2, G). However 
on harder agar media containing two parts of agar-agar in a hundred, 
the hyphae frequently show a somewhat moniliform shape with ex- 
pansions and constrictions succeeding each other at short intervals. 
Appressoria are less definitely differentiated, possibly for the reason 
that the expansions in themselves may represent mo^cations in the 
nature of appressoria, perhaps enabling the filaments to thrust their 
way throu^ substrata too resistant for filaments of more uniform 
width. Because of its reduced luxuriance, growth on the harder and 
drier media presents a characteristic frail appearance, which is borne 
out also by the meager aerial mycelium present usually as a very 
scanty arachnoid fleece overlying the surface of the substratum and 
extending up the wall of the container for distances of 5 to 10 mm. or 
more. A somewhat increased development of aerial mycelium has 
often been noted when the fungus was grown in mixed culture with a 
species of AUemaria congenial to it, provisionally identified as A. 
tenuis Nees, the increase being attributable apparently to the constant 
presence of minute droplets of water supplied through guttation by the 
intermixed organism. In actively growing condition, the mycelium, 
like that of Phycomycetes generally, is continuous, septa, of course, 
later making their appearance with the progressive evacuation of 
protoplasmic contents, to set off living from emptied portions, so that 
in the end cross-walls are usually present in moderate abundance. 

Similarities in mycelial habit ^tween the fungus under considera- 
tion and the more delicate of the fungi assignable to Pythium, as, for 
example, Pythium acanthicum Drechsl. are thus fairly obvious. Yet 
the general aspect of the former, at least under some conditions of 
growth, impresses one as being alien to Pythium, though it must be 
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Fin 1 —Pytkiogetm auloanylum, x91 A —Vegetative myeeliuni beariag numerous 
appressoria B — Temporary bursiform sporangia borne on irrigated mycelium, some, 
a, being clustered in a dense, almost opaque mass, and others, b, being found in open 
arrangement C — Subspherical sporangia produrecl m string-bran agar Photographed 
by Marguerite S Wdcox 
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admitted that the latter genus is not characterized by a degree of 
uniformity in mycelial habit such as prevails in more cl(»ely integrated 
genera like Phytophthora or Aphanomyces, the family resemblance in 
certain of the more aberrant t3rpes referable to it, often being not imme- 
diately obvious. As might expected the American fungus exhibits 
a manner of branching unmistakably similar to that expressed in von 
Minden’s figures of Pythiogeton utriforme, Pythiogeton Iranaversum and 
Pythiogeton ramoaum. Some doubt, however, attaches to the relative 
coarseness of the several plants. Von Minden’s values for the di- 
ameter of the hyphae of Pythiogeton utnforme, 2.6 to 3.5m, which it ia 
to be inferred hold for Pythiogeton tranaversum and also for the vege- 
tative filaments of Pythiogeton ramoaum, might be interpreted as 
indicating a generally more delicate mycelium than that of the 
fungus isolated from decaying cat-tail tissues, with living hyphae 
measuring up to 7 m in diameter. Indeed, a specific difference may 
actually be present here. Yet it must be considered that von Min- 
den’s measurements were in all probability carried out mainly on 
extramatrical hyphae immersed in water containing practically no 
nutriment, rather than on filameuts developed within a solid sub- 
stratum or in a liquid pabulum. Butler’s (7) figures of his Pythium 
diacarpum suggest that similar conditions may have had their effect 
in the production of the unusually slender extramatrical hyphae 
described for that fungus, even though growth characteristics inherent 
in the species are to be given primary importance. 

When a vigorously growing mycebum of the species of Pythiogeton 
from Ohio is transferred to distilled water, production of temporary 
sporangia usually begins within a day, and in the course of an addi- 
tional day or two results in a very copious display of these bodies 
(Fig. 1, B; Fig. 2, A-F). Many of the sporangia arc borne in the 
manner held typical by von Minden for his Pythiogeton tranaversum, 
that is, they arise as intercalary structures a short distance from the 
end of the supporting filament. On attaining definitive size such 
sporangia are delimited by the insertion of two septa, so that the distal 
portion of filament, from which the protoplasmic contents have in 
most cases been withdrawn earlier, appears finally as an empty ap- 
pendage. As in Pythiogeton tranaversum, this appendage is of variable 
length, but on the whole would seem considerably shorter than the 
appiendages shown m von Minden’s illustrations. In other cases the 
sporangium ia intercalary, but remote from the tip of the supporting 
hypha, so that after the apfiearance of the delimiting septa, it lies 
between two elements of which both are filled with protoplasm. In 
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some instances of this kind the sporangium may nevertheless bear the 
usual short appendage (Fig. 2, F), which evidently must have origin- 
ated earlier os a short branch of the parent filament. 

The various intercalary relationships mentioned may be made out 
most frequently when the sporanfpa are not of the largest and when 
optical conditions are especially favorable. In more luxuriant prep- 
arations several days after transfer to water, when temporary sporangia 
of greater dimensions are present in abimdance, a terminal attachment 
of these structures, corresponding to the type of attachment von 
Minden described as distinctive for Pythiogeton transveraum, is much 
more frequently apparent than an intercalary relationship. It may 
be suspected, however, that optical difficulties arising from the thick- 
ness of such luxuriant mycelial mats, and from poor visibility of the 
short, empty appendages when not seen attached in profile and after 
exposure to increasing action of contaminating bactena, have a con- 
siderable part in bringing about this effect. 

As in the congeneric forms described by von Minden, the tem- 
porary sporangium of the American fungus is typically a body that in 
its shape and its mycelial relationship may be compared to an elon- 
gated pouch usually somewhat wider below than at its upper end, at 
which latter it is attached in such manner that its free lower part is 
directed at an oblique or a right angle to the axis of the supporting 
stalk. Variations of different sorts are usually abundantly repre- 
sented. Through shortening of the bursiform structure along its own 
axis, a merely ventricose shape may result (Fig. 3, A). In prepara- 
tions very favorable for the production of sporangia, two bursiform 
parts are often fused mto a single large bilobate reproductive body 
(Fig. 4, L; Fig. 5, A). And at least occasionally an elongated terminal 
sporangium may be borne with its axis coincidmg with that of the 
supporting filament (Fig. 2, A), so that a symmetrical relationship 
approximating that found in various species of Pyihium is brought 
about. 

With respect to size the temporary sporangia show a relatively high 
degree of variability. As might be expected, the vigor and the moss 
of the mycelium employed as well as such environmental factors as 
temperature and freedom from food materials, arc reflected m the 
dimensions and number of these structures. Older preparations in 
which the mycelium has been in large measure exhausted are apt to 
show an increasing proportion of smaller sporangia. Frequently 
improper irrigation or excessive development of some contaminating 
organisms appears to encourage the production in large numbers of 
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Fig 3 — Pylhiogelon aulomylum, drawn with aid of the ramera lucida x 400. A. — A 
buraifonn aporangium immediately after dueharge of contenta B. — A aubmerged bur- 
alform aporangium together with its diachaigod contenta, 10 minutea after dehiaoenoe. 
C. — A buraifonn aporangium, a, with diacharged contenta in a later atage of aooapore 
development, being preaent partly aa individualixed aporea, b-/, almoat already to awim 
away, and partly aa a maaa, g, provided with aome cilia but atill without definite 
cleavage D — An empty aporangial envelope and a aeoond aporangium developing 
within it. E, o-h — Motile xooaporea F, a-y ~Zooaporea after rounding up O, e-a. — 
Empty xooapore envelopea each with open evacuation tube, evidencing repetitional 
development H, a-e — Zooaporea germinating by one or more germ tubee. 
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Fig i.—Pytktogelon aulotiylum, drawn with aid of the camera lucida, x 460 A-D 
Subaphenoal sporangia newly formed in a etring-bean agar plate culture. E, F -Sub- 
■pbencal sporangia in a OS-^y old culture, showing a large central vacuole in each 
O, H — Elmpty sporangial envdopes evacuated when pieces of a 6(t.day old agar plate 
eultuie were irrigated I-K.— Empty envelopes of bursiform sporangia L.— Empty 
envelope of a bilobate sporangium. 
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intergrades between typical temporary sporangia and typical resting 
sporangia. As neither the undersized nor the intergrading bodies 
attain to proportionately great numbers until several days after vig- 
orous mycelia have been transferred to water, the sporangia already 
present in impressive abundance during the period from the thirty- 
sixth to the fourth-eighth hour after such transfer provide an exhibit 
perhaps as representative of the morphology of the species as any that 
could be selected. Using material of this description measurements 
of 100 sporan^a chosen at random (25 being thus chosen in each of 
four separate preparations) yielded values for length distributable in 
groups covering ranges of 10^ as follows 31-40#£, 2 ; 41-50M, 1 i 51-60^, 
6; 61-70^, 3; 71-80/i, 19; 81-90 m, 16; 91-100m, 17; 101-1 10m, 15; 
111-120m, 9; 121-130m, 6; 151-160m, 3; 161-170^, 1; 171-180m, 1; 
181-190m, 1. The same sporangia gave measurements for greatest 
diameter with the following frequency distribution: 21 m, 1; 24m, 1; 
25m, 1; 29m, 2; 30m, 1; 31m, 4; 32m, 4; 33m, 3, 34m, 2; 35m, 2; 36m, 4; 

37m, 4, 38m, 3; 39m, 6; 40m, 5, 41m, 5; 42m, 5, 43m, 6; 44m, 5; 45m, 5; 

46m, 1, 47m, 3; 48m, 6; 49m, 5; 60m, 2; 51m, 1; 52m, 3, 53m, 2; 54m, 4; 

55m, 1; 68m, 1; 59m, 1; 62m, 1. From the two sets of values averages 

of 96m and of 42m were computed for length of temporary sporangium 
and greatest diameter of temporary sporangium respectively. It may 
hardly be necessary to state that more extreme dimensions than those 
encountered among the 100 structures chosen at random, came under 
observation. Thus the empty sporangium shown in Figure 5, G, 
which it may be presumed gave rise to only a single zoospore, was found 
to measure 16m in length and 13m in diameter. The broadest tem- 
porary sporangium seen was found to measure 68m in diameter at its 
widest zone; while the longest sporangium encountered, the bilobate 
specimen shown in Figure 6, A, measured 226m along its curved longi- 
tudinal axis. Even without attributing excessive importance to such 
more extreme expressions of size, the temporary sporangia manifestly 
do not show sufheient uniformity with respect to dimensions or shape 
to justify much elaboration of metric data. Yet on the other hand the 
greatest values obtained for length and diameter are so much smaller 
than the corresponding values given by von Minden for the largest 
of only four sporangia of Pyihiogeton transveraum, chosen by him ap- 
parently at random, namely 299m and 79m respectively, that identity 
of the two forms would seem rather definitely out of question. For 
reasons of taxonomy it is to be regretted that von Minden did not give 
measurements, however approximate, of the sporangia of Pythiogaton 
lUriforme and Pythiogeton ramosum, nor any statement as to the 
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dimensional ranges represented in them in comparison with those of 
Pythiogeton transveraum. Such measurements, it is true, have been 
supplied by Sparrow for the form which he identified as Pythiogeton 
rcmoaum. In view of the very unhappy status of many of the com- 
posite specific characterizations to be encountered in mycological 
literature, more particularly in the literature concerning the submerse 
and amphibious Phycomycetes, it might, however, be well not to 
combine Sparrow’s measurements with the descriptive details given 
by von Minden until further information favoring combination is 
brought to light. 

At the time the sporangia of Pythtogeton attain full size, their con- 
tents appear to consist of densely granular material with some vacu- 
ole, mostly rather small and inconspicuous, interspersed here and there. 
The development leading to the production of zoospores, entails a 
reorganization with the result that during somewhat later stages 
vacuoles of variable sizes are no longer much in evidence, but instead 
the densely granular material reveals imbedded in it structures meas- 
uring nearly uniformly about 2n or slightly more across that give the 
impression of being more refractive than ordinary vacuoles. The 
number of these structures present is proportional to the size of the 
reproductive body, the smaller sporangia containing often less than a 
dozen, whereas the largest ones contain a hundred or even more. 
They show some correspondence in size, number and distribution to 
the nuclei as made visible in material stained with Delafield’s haema- 
toxylin, though this correspondence may be altogether fortuitous, and 
lacking in significance. The assertion of identity here would in any 
case encounter the same sort of difficulty as the identification of the 
refringent body (the “helle Fleck” of DeBary) in the living mature 
oospore of species of Pythium, with the single large oospore nucleus 
appearing in stained material — an identification suggested by the 
findings of Trow (24) on Pythium uUimum Trow, and of Edson (14) 
on Pythium aphanidermatum (Eds.) Fitzp., even though these findings 
took apparently no cognizance of DeBary’s (2, 4) remarks on the pre- 
valence of the “hello Fleck” as a morphological feature. Whatever 
may be the explanation of the characteristic lacunulose appearance, 
this appearance at about the time the evacuation tube is ^ing put 
forth, yields to one marked by the coalescence of increasingly extensive 
longitudinally elongated vacuoles. The ensuing vacuolization, if on 
the whole somewhat less extensive than that occurring in sporangia 
of species of Pythium preparatory to dehiscence, nevertheless takes 




434 JouRNAii or thb WAaBurorov agabbut or boibnobs vol. 22, no. 15 

very much the same course, and would seem to be representative of 
quite similar development. 

While protoplasmic reorganization is thus being effected, the evacua- 
tion tube reaches definitive length and develops at its apex a hyaline 
cap of the same sort as that regularly found throughout the geniis 
Pythium. The distal portion of the tube is without marked modifica- 
tion below the hyaline cap, not being expanded as, for example, in the 
form which evidently DeBary (2) and after him Ward (27) discussed 
under the name Pythium gracile, and for which the binomial Pythium 
complens Fisch. is probably more appropriate than any other. When 
the hyaline cap yields the sporanfpal contents stream out with great 
rapidity, and collect, as von Minden so well described, in an irregu- 
larly elongated mass in front of the orifice. In the fimgus under con- 
sideration the mass of discharged protoplasm was not frequently seen 
to be protruded as directly forward as von Minden’s figures indicate, 
but very generally was observed to be folded, buckled or compressed 
into a bizarre shape (Fig. 3, A), the irregularity of which became more 
pronounced as the amount of material concerned became larger. In 
at least those instances in which the extruded mass is submerged in 
water, further development proceeds in the manner set forth by von 
Minden. The vesicle wall derived from the inflation of the hyaline 
cap soon disintegrates except often for a more persistent tubular proxi- 
mal part, corresponding evidently to the um-shaped structure de- 
scribed by Butler for his Pythium diacarpum, which may sometimes 
be made out several hours or even a day later as a diaphanous extension 
of the empty evacuation tube. The naked mass thus exposed directly 
to the water very soon reveals cleavage furrows, and in about 10 
minutes is converted into an aggregation of fairly well separated in- 
dividual portions (Fig. 3, B). In the course of about 15 or 20 addi- 
tional minutes, these portions develop cilia that become increasingly 
active (Fig. 3, C, b-f), until finally the separate protoplasts swim away 
as motile zoospores. 

The fully fashioned zoospore (Fig. 3, £) is of the shape usually 
designated as reniform : its length exceeds its width by about one-half ; 
the forward end is somewhat pointed, the rear broadly rounded; and 
the side bearing the well detoed longitudinal groove in which the 
cUia have their origin is noticeably flattened, the thickness measured 
in a plane from grooved to opposite side being somewhat smaller than 
the width measured at ri^t angles to this plane. Of the two cilia 
the anterior one seems the more active, as the posterior organ can 
sometimes be seen extended nearly straight backward in an apparently 
passive manner. The zoospores come to rest within a few hours 
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(Fig. 3, F), u nlik e those of Pythiogeton utriforme, which von Minden 
found to remain motile for more than 24 hours. Their average 
diameter after rounding up, of approximately 15 m entitles them to 
be reckoned among the Largest zoospores produced in the Pythiaceae. 
Germination occurs usually through the production of a single germ 
tube (Fig. 3, H, b-e), two or three tubes being less frequent (Fig. 3, 
H, o), and four relatively rare. Repetitional diplonetism undoubtedly 
occurs with some frequency, as is evidenced by the presence m irri- 
gated preparations of empty cyst envelopes, each supplied with an 
open evacuation tube (Fig. 3, G). The small diameter of the latter 
structure indicates that evacuation must be, like discharge of the 
ordinary sporangia of the fungus, and like evacuation of zoospores of 
species of Pythium imdergoing similar repetitional development, by 
continued streaming, rather than by immediate bodily escape of an 
integrated motile spore as in species of Phylophthora. It is often to be 
observed that zoospores are more inclined to come to rest, and there- 
fore accumulate in much larger numbers beneath heavy mycelial mats 
than in open water. This behavior, expressive perhaps of some ob- 
scure adaptation to conditions prevailmg in the natural habitat, 
stands in contrast with such different behavior as is revealed, for ex- 
ample, in the zoospores of Pylhtum aalpingophorum Drechsl. which 
after coming to rest often float mdividually but in countless numbers 
on the surface of the water, or in the zoospores of Pythium butleri 
Subr., which m especially prolifle preparations, are to be found floatmg 
on the surface of the water in agglutinated masses visible collectively 
to the naked eye as supematent scum, each mass consisting of hundreds 
and sometimes of thousands of individuals. Frequently, as in other 
Pythioceous fungi, spiorangied discharge is frustrated in greater or 
smaller measure, the protoplasmic material retained within the enve- 
lope nevertheless then ordinarily undergoing the same development as 
the material discharged. Because the evacuation tube is usually, if 
not always, too narrow to permit the imprisoned motile zoospores to 
escape, these finally encyst within the sporangium, sometimes in num- 
bers up to a dozen or a score (Fig. 6, B-D). 

The sequence of events desenbed above is, as has been mentioned, 
that regularly observed to be associated with zoospore formation when 
the miMH of protoplasm happens to be largely or wholly submerged in 
water, as is usually tiie case when washed myceliiun is employed. 
When, however, the protoplasmic mass is more nearly superficial, as, for 
example, in preparations of carefully moistened pieces of agar culture, 
an event often intervenes which may be of more than minor significance 
in relation to the essential nature of the reproductive mechanism liere 
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concerned. Very soon after the sporangial contents have completed 
their passage through the evacuation tube, the entire discharged mass 
suddenly disappears from view, the disappearance being marked by a 
violent recoil of the tube. Manifestly the body of protoplasm is shot 
away and that with considerable force. A search over an area several 
millimeters in diameter failed in every instance to discover the pro- 
jected mass, and it would seem possible therefore that projection 
ranges somewhat of the same order as those prevalent among certain 
of the Entomophthoraceae might be represented here. Owing to the 
suddenness with which the throwing is accomplished, it has been im- 
possible to observe directly either in what the mechanism here opera- 
tive may consist, or in what manner it is set off, or again in what wise it 
engages the discharged sporangial contents. Appearances, however, 
indicate the vesicle membrane as the effective mechanism. The mush- 
rooming and buckling of the protoplasmic column as it thrusts against 
the distal part of the vesicle gives the impression that the latter is 
exerting some backward pressure against its contmued inflation. The 
stretched membrane of the elongated vesicle might then conceivably 
constitute an element comparable as a mechanical contrivance with 
the drawn rubber band of a toy catapult. 

Several circumstances favor the view that the shooting away of the 
protoplasmic mass represents not only a normal event in the asexual 
reproduction of the fimgus under consideration, but the very event in 
relation to which the pecuharities attending zoospore formation in the 
genus find plausible explanation. Thus the elongated shape of the 
vesicle, so markedly different from the spherical shape prevalent in 
other genera of Oomycctcs, appears as an intelligible functional adapta- 
tion when the vesicle membrane is considered as a casting device, 
for obviously a pouch-like element stretched mainly in one direction 
would be more efficient in such capacity than one stretched outward 
uniformly in all directions. The conversion of the vesicle membrane 
to a mechanical function would almost necessarily preclude continua- 
tion of a protective function, for even if the membrane were not se- 
riously tom on snapping the mass into the air, it could hardly escape 
being badly ruptured on striking at the end of its flight. The note- 
worthy feature that zoospores are regularly formed from the proto- 
plasmic mass in an entirely naked condition could therefore be inter- 
preted as a further adaptation consequent to the abandonment by the 
vesicle membrane of a protective in favor of a mechanical function. 

Like Pythium diacarpum, PythiogeUm viriforme, PythwgeUm tranaver- 
aum and PythiogeUm ramoaum, the fungus imder discussion frequently 
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shows proliferation of a secondary sporangium within the empty enve- 
lope of a primary one (Fig. 3, D, Fig. 5, E, F). The evacuation tube 
of the secondary sporangium usually finds its way through that of the 
primary one, though instances in which the wall of the primary spo- 
rangium or its evacuation tube is perforated to permit egress are not of 
rare occurrence. Such perforation is, of course, somewhat more fre- 
quent when the evacuation tube of the primary sporangium is of con- 
siderable length. 

In this connection it may be pointed out that von Minden’s assertion 
to the effect that evacuation tubes comparable in length with the tubes 
produced by his three species of Pythiogeton, did not occur m the genus 
Pylhium, would seem to stand in need of revision. In some species of 
Pythium with mostly filamentous sporangia, as, for example, Pythium 
complens, evacuation tubes measuring 0.5 mm. or more, arc readily 
encountered. To be sure when Pythium complens Is cultivated under 
aquatic conditions, so that the .sporangium, except for scattered dis- 
crete lobulations, consist of outwardly undifferentiated filaments, the 
evacuation tube below the expanded termmal part is not easily distin- 
guished as a special clement. When, however, the same fungus is 
first cultivated on relatively dry substrata like the agar media usually 
employed, so that in the course of time massive lobulate complexes 
are formed, and subsetiuently aquatic conditions are provided through 
suitable irrigation, the evacuation tubes then produced, which naturally 
are clearly differentiated from the massive complexes from which they 
arise, often mclude among shorter ones, many measurmg between 100 
imd 500 n in length Evacuation tubes of comparable lengths arc to be 
seen in abundance in irrigated preparations of Pythium periplocum 
Drechsl., having their origins here also in massive lobulate complexes. 

Although a relatively bulky sporangial body may be regarded as one 
of the requirements for the production of a markedly long evacuation 
tube, it is not to be assumed that the length of the latter structure is 
determined solely by the mass of underlying living material. The 
evacuation tubes shown in von Mmden’s figures of his species of Pythio- 
geton are certamly not remarkable for length. In preparations of 
Pythium complens and Pythium penplocum short as well as long tubes 
are to be found. The essential utility of the evacuation tube in the 
Pythiaccae generally, through which, in laige part, length and in some 
species position of origin arc governed, is perhaps liest revealed when 
forms are considered in which the structure in (piestioii is regularly 
alisent. 

Among such Pythiaceous forms are to be numliered all the known 



438 JOURNAL OF TUB WASHINGTON ACADEUY OF SCIENCES VOL. 22, NO. 15 

members of the genus Phytophthora. In these plants the sporangia 
never give rise to any well-defined cylindrical outgrowth by way of 
which the zoospores, fully fashioned, are allowed to escape, the distal 
protrusion occurring occasionally in the parasite described by me (13) 
under the name Phytophthora megaaperma representing perhaps as close 
an approach to such an outgrowth as the genus provides. The refrac- 
tive, often somewhat expanded cap surmounting the evacuation tube in 
species of Pylhium, and through the yielding of which the contents are 
enabled to pass out of the sporangium, here finds its homologue in the 
gelatinized apical portion of the sporangial wall itself. Where, as in 
some species, this gelatinized part is relatively thick and of small ex- 
tent, it protrudes from the sporangium as a definite papilla; where, on 
the other hand, it is of greater extent and not markedly thickened, the 
outward contour is not locally modified. In any case the zoospores are 
regularly fashioned withm the sporangium to be liberated from the 
aperture left by the yielding of sessile papilla or homologous non- 
protruduig apical part. In the laboratory, as has been pointed out 
earlier (11), zoosporangia of such amphibious species as Phytophihora 
citrophthora (Sm. and Sm.) Ijcoii. and Phytophthora erythroaeptica 
Pethyb. arc, on the whole, produced in much greater number and 
zoospore production is subject to fewrer mishaps when mycelium, in- 
stead of being flooded under excessive water, is kept rather sparingly 
irrigated. The uncounted number of sporangia then often brought 
forth very promptly, are readily seen to be localized, for the most part, 
in the layer m which air and water are both intimately available. 
This positional relationship is made possible evidently by the elonga- 
tion of the very slender sporangiferous extramatrical hyphae to such 
lengths as the circumstances may require. In other words, associated 
with the absence of an evacuation tube, and the consequent necessity 
of having the sporangium at the very outset placed in a position where 
the requirements for water and air are alike provided, the slender 
hyphae keep on growmg out until the necessary combmation of condi- 
tions are encountered, their small diameter, usually measuring almut 
2 ti, permitting of such lengthening with obvious economy of material. 
The more nearly spherical, thick-walled resting sporangia or chlamydo- 
spioreB produced in addition to the ellipsoidal sporangia in such species 
as Phytophihora parasitica Dastur, though evidently morphologically 
homologous, betray their distinctive character not only by positive 
adaptation for delayeil germination exjireased in sliape and in thick- 
ness of wall, but also by habitual maladjustment for immediate ger- 
mination implied in deeply submerged position, in intramatrical origin 
and in frequently intercalary hyphal relationship. 
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Pylkium anandrum Drechsl. prcsentB in its Hpciriingium >uid spo- 
nuifqferouH hyphae remarkable Himilarity to the RenuB PhylopfUhora. 
The sporangium of this fungus is similarly ellipsoidal, and dohiseence 
whenever observed has been found to be effected by means of a well 
defined, entirely sessile, apical papilla, though in some cases an apical 
outgrowth was found suggesting an evacuation tube in appearance. 
As zoospore formation takes, place in a sessile vesicle, and therefore in 
immediate proximity to the spornn^um, the circumstances under 
which it proceeds is determined here hanlly less definitidy by the posi- 
tion of the sporangium than in species of Phylophtfutra , and as might 
be expected, the sporangium is similarly borne terminally on a slender, 
mostly unbranched, extramatrical hypha often several millimeters in 
length. 

A condition more or less transitional with respect to the importance 
of the sporangiferous hyphae between that foimd in Pythium anandrum 
on the one hand, and that prevailing among the generality of conge- 
neric species with subspherical sporangia on the other, would seem to be 
represented in the members of the hehemdea scries described by me 
earlier, Pythium hehcoides, Pythium oedochtlum, Pythium polylylum and 
Pythium pahngenes. In these species the sporangium, ovoid, obovoid, 
ellipsoidal or subspherical in shape, is again, for the most part, borne 
terminally on a delicate extramatrical hypha, simple or only sparingly 
branching, juid of variable, often very considerable length. Delus- 
cence is effected here often through the yicldmg of a hyaline cap sur- 
mounting an apical evacuation tube so short that a sessile papilla is 
closely approximated, but in other instances an evacuation tube of 
greater length is produced mostly from the apex of the sporangium, but 
also, especially after frustration of an apical tube, from any other part. 
Presumably the sporangiferous hypha functions here in the same way 
as in Phytophthora or in Pythium anandrum, though apparently not 
always with equal finality. Entirely similar relationships naturally 
are associated with sporaugial development in the Pythium proli/erum 
of Dissmann (9) and the Pythiomorpha gonapodimdes of Konouse (16), 
both evidently to be included m the helicoidea series, and would seem to 
obtain also in some congeneric species of less certain immediate affini- 
ties, as, for example, the Pythium prohferum of DeBary, of Butler and 
of Matthews (19), and the Pythium undulatum of Petersen (22) and of 
Dissmann. 

In the generality of species of Pythium with subspherical sporangia, 
the latter structures are borne in a more promiscuous manner, occuring 
rather indiscriminately as intercalary, laterally intercalary, lateral or 
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temiinnl bodien on hyphac not differentiated from the vegetative fila- 
ments either in diameter or in frequency of branching. Under condi- 
tions suitable for immediate production of zoo8p>ores, no precise posi- 
tional relationship to water and air prevails. In the absence of such 
conditions, just as in the case of Pytkmm complena already referred to, 
sporangia may nevertheless be formed in quantity. In either case, 
zoospore production entails the development of an evacuation tube, 
indeterminate with regard to place of origin, to direction, and within 
the limits imposed by the size of the sporangium , to length . Obviously, 
the function of seeking out a suitable locus for zoospore formation 
presumes a certain degree of adaptability, whether the element per- 
forming this function is a sporangiferous hypha or an evacuation tube. 

With respect to their relationships to supporting hyphae and evacua- 
tion tubes the temporary sporangia produced by the American species 
of Pythiogelon under consideration invite comparison with the spo- 
rangia of such species as Pythtum hehcoides m some particulars, and 
with those of such forma as Pythium compkna m others. The spo- 
rangiferous filaments are for the most part narrow, though because of 
the small diameter of many of the intramatrical hyphae, their degree 
of differentiation is not pronounced. In lengt.h these filaments show 
considerable variation, yet, nevertheless, so do also the evacuation 
tubes (Fig. 4, G-L; Fig. 5). In some mstances the evacuation tube 
grows to a length of several hundred microns, manifestly without 
encountering conditions pcrmitthig it to function. Under such cir- 
cumstances, a septum may be inserted some distance from the spo- 
rangium, while the proxuuul part puts forth a lateral branch through 
which evacuation subsequently takes place. Indeed, as is shown in 
Figure 3, C, a second branchmg of the evacuation tube may occur 
before the final element has occasion to fulfil its function , or the later 
branch or branches may be produced without any septum making its 
appearance anywhere in the parent evacuation hypha (Fig. 5, B, C). 

In the proliferation of a secondary sporangium withm or from within 
a primary one, the fungus isolated from leaves of cat-tail, like the three 
species described by von Minden and like Pythium diacarpum, shares a 
feature exhibited also in the various groups of the Pythiaceae, in which, 
08 has been set forth, the sporangia are frequently, if not regularly, 
terminal on slender filaments, and discharge always or at least in large 
part, by means of an apical papilla or an apical evacuation tube. As 
proliferation enables a number of sporangia to be produced in place of 
one, often at a considerable distance from the vegetative mycelium 
in which the frequently long sporangiferous hypha has its origin, an 
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economy of material in addition to that accruing from the alenderneas 
of the h)rpha is made possible. DeBary in his discussion (3) of Pyth- 
ium proliferum, early pointed out that proliferation of a secondary 
sporangium within or from within an evacuated primary one, was 
essentially similar to the production of a second sporangium either 
immediately beneath the basal septum setting off the first, or at some 
distance on a prolongation of the supporting hypha. Butler later dis- 
cussed more fully the similarity between subsporangial branchmg and 
proliferation, stating that subsporangial branchmg “is especially to be 
expiected where growth is vigorous, but conditions are not such as to 
favor zoospore formation.” Now one of the chief differences between 
a terrestrial and an aquatic habitat is that in the former, conditions 
suitable for mycelial growth and for production of sporangia are natu- 
rally much less frequently concomitant with conditions suitable for 
zoospore formation, in which process sporangial dehiscence is necessa- 
rilyentailed, than in the latter. Therefore, if allowance is made for the 
developmental adaptation appropriate for this lack of concomitance, 
and for an additional adaptation in ready detachability of sporangia- an 
adaptation for dispersal by such atmospheric agencies as wind or mov- 
ing rain water— it becomes apparent that a nested or serial arrange- 
ment of sporangial envelopes on a single axial filament constitutes the 
aquatic counterpart of the spicatc arrangement revealed by the more 
nearly terrestrid or even foUicolous forms, as, for example, Phytoph- 
Ihora infestans (Mont.) DeBary and the species usually designated us 
Phylophifwra cactorum (Cohn and Lcb.) Schroet. 

When the fungus from decaying cat-tail tissue is cultivated on agar 
substrata some temporary sporangia of typical bursiform shape may 
be produced, these making their appearance most often on the surface 
of the culture, and there preferably in places where small quantities of 
free liquid water, as, for example, droplets of water of condensation, 
are available. Ordinarily, however, the reproductive bodies pro- 
duced within and on the surface of substantially dry substrata or mod- 
erately hard agar media, or, for that matter, m hquid media containing 
plenty of fcKxi material in which a mycelium has been left growing un- 
disturbed for a week or more, an; of approximately spherical shape 
(Fig. 1 , C ; Fig. 4, A-D) . They exhibit the various kinds of attachment 
shown by the temporary sporangia, though, as might be expected, they 
are more often borne on relatively short hyphal branches. With 
regard to size they show, especially when formed in large numbers, an 
approach to uniformity that may be held to indicate some degree of 
representativeness of the morphology of the species. Measurements 
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of the diameter of 100 of the spherical bodies, produced on string^bean 
agar (decoction of 500 grams green pods of Phaseolus vulgaris L., 20 
grams agar-agar, with water sufficient to make up to 1 liter) and se- 
lected at random 15 days after planting yielded values expressed to the 
nearest micron as follows: 32^, 1 ; 33m, 3; 34m, 4; 35m, 1 ; 36m, 6; 37m, 9; 
38m, 10; 39m, 10, 40m, H; 41m, 10; 42m, 8; 43m, 5; 44m, 8; 45m, 2; 46m, 6; 
48m, 2; 49m, 2; 50m, 1; 51m, 1- From these values an average of 40.4m 
was computed. 

Although the typically Imrsiform sporangia, us also the typically 
subspherical structures, cim sometimes be found with very little ad- 
mixture of one another, the two kmds of reproductive bodies more often 
appear side by side in variable proportions. Ordinarily, too, inter- 
gradations of all sorts can be observed. Therefore little doubt can be 
entertained that the two types of bodies are homologous structures. 
They are, for the most part, also similar in function, for when the 
subspherical bodies are put in water within several weeks or often 
even within two or three months after being formed, zoospores are 
produced following developmental processes entirely similar to those 
described for the bursiform bodies. The two typies differ, however, 
with respect to longevity, since the bursiform sporangia can not very 
readily be kept alive for a period of more than two or three weeks, 
whereas the globose bodies frequently show after three months a 
vitality little impaired except for an increasing tendency from zoospore 
fonnation toward vegetative germination. A parallelism to the bodies 
concerned in the asexual reproduction of the fungus I described in an 
earlier paper (10) ns Plectospira gemmifera is easily recognizable. For 
manifestly the bursiform sporangia, like the complexes of inflated 
elements in the Saprolegniaceous fungus, are essentially short-lived 
structures generally formed imder conditions suitable for immediate 
production of zoospores; whereas the subspherical bodies are long-lived 
structures generally formed under conditions little suitable for imme- 
diate production of zoospores. 

As the subspherical sporangium becomes older, a central vacuole or 
reserve globule becomes larger and larger, until after several months 
the granular protoplasm is reduced to a relatively thin parietal layer 
(Fig. 4, E, F), It appears probable that some increase in thickness of 
the enveloping wall also takes place, as after evacuation, the empty 
membrane of an older sporangium (Fig. 4, G, H) shows somewhat less 
relaxation than that of a younger one. Whether the responsibility of 
conserving the fungus during xmfavorable periods devolves entirely 
upon the globose sporangia is not known, though certainly oospores 
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have not hitherto been found in any cultures cither mixed or pure, in 
spite of the varied substrata and the varied cultural conditions that 
have been brought into play. 

The persistent failure of the fungus under consideration to form sex- 
ual organs may perhaps indicate a difference of taxonomic import sep- 
arating it from Pythiogeton utriforme and Pythiogeton transversum. 
However, among aquatic fungi including those of indubitably homo- 
thallic nature, strains to be recognized as unquestionably conspecific, 
nevertheless often show marked differences in regard to the readiness 
with which the sexual reproductive stage can be induced. Nor is it to 
be forgotten that von Minden harbored misgivmgs concemmg the 
actual association of the two sorts of sexual apparatus observed by him 
in gross cultures with the sporangium-hearing species to which he some- 
what provisionally assigned them. Indeed, some misgivings might 
even lie entertained concerning the sexual character of the structures 
which von Minden presented as oogonium, antheridium and oospore 
of Pythiogeton utnforme. For the fusion of oospore wall with oogonial 
wall necessarily brings into the question the morphological separate- 
ness of the tAvo; the antheridium as figured shows neither the shape 
nor the relative size usual for male organs; and the ripe oospore be- 
sides being surrounded by a wall which in respect to thickness is most 
extraordinary, would not seem to reveal in its contents any type of 
organization recognized as distinctive of oospores. Howev cr these dis- 
turbing considerations are far from being decisive. The unusually 
thick oospore wall, the massiveness of which would be elsewhere, and 
perhaps even here is interpretable as the result of gelatinous swcllmg 
accompanying degeneration of the contained protoplast, is at any rate 
found also in the unambiguously sexual apparatus attributed to the 
congeneric Pythiogeton transversum. In Pylhmm complens imd even 
more in Pythium salptngophorurn and Pylhium papillatum Matth. (18), 
the oogonial envelope is extensively fused with the oospore wall , yet in 
spite of such fusion, and in spite moreover, of the absence of any anthe- 
ridia in Pythium papillatum and the usual absence of male organs m 
Pythium salpingophorum, the presence of authentic oospores or of 
homologous parthenospores in these species is sufficiently attested 
in an internal organization revealing unmistakably a central reserve 
globule, a parietal protoplasmic layer and an imbedded ref ringeiit body, 
in addition to an external wall of moderate, not excessive, thickness. 

It may lie noted in this comiection that the fusion of oogonial and 
oospore walls apparent in the three fungi last mentioned, wliile not as 
thoroughgoing as in the sexual apparatus ascribed to Pythiogeton utri- 
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forme, nevertheless abates very considerably the foreignness to the 
genus Pythium which von Minden imputed to this feature. Similarly 
the involvement of the filament bearing one of the sexual organs by the 
filament bearing the other is certainly no longer unknown among 
species of Pythium. Indeed such involvement might very probably 
have been discovered in the latter genus much earlier, but for optical 
difficulties, which today, with transparent artificial substrata and 
greatly improved equipment, can at least in some instances be more 
successfully overcome. Thus in favorable preparations of the fungus 
described by Braun (5) under the binomial Pythium complectens, but 
which almost certainly must have been the same as that fnim which 
DeBary earlier drew at least one of the figures (3 . pi. 5, fig. 4) illustrat- 
ing the sexual apparatus of his Pythium vexans, the antheridial branch 
can be seen to pass around the oogonial stalk usually to the extent of a 
half turn, or of a whole turn. In Pythium penilum Drechsl. branching 
prolongations of the antheridial hypha are often wrapped for several 
turns about the oogonial hypha. Recently Vanterpool juid Truscott 
(26) described a fungus under the binomial Pythium wlutum, the 
antheridial hyphae of which are stated to coil commonly around the 
oogonial stalk, or less frequently around an adjacent hypha. To be 
sure m these vanous species, the involvement found would seem 
scarcely comparable with that desenbed and figured for Pythwgeton 
iransversum, being neither constant m occurrence, nor especially regular 
in a geometrical sense. In Pythium hehemdes, however, mvolvement 
of the oogonial hypha by a filamentous element havmg a close mycehal 
relationship to one of the male organs is both regular in occurrence and 
of conspicuous geometrical symmetry; and similar helicoid inwrapment 
occurs, though with less constancy, m all the immediately related 
species of which I have seen any sexual apparatus at all. It is not 
improbable, therefore, that when the mycelial relationships of the sex- 
ual organs of the fungus discussed by Kanouse under the name Pythio- 
morpha gonapodwides are better known, the same sort of coiling will be 
recognized among the morphological features of that form. In that 
event Kniep’s (17) characterization of the antheridial branches found 
in Pythiomorpha together presumably with those of Pythiogeton as 
“den Oogonstiel oft spiralig umschlingcnde Schlauche,” — a characteri- 
zation to be explained most plausibly perhaps as the result of a misun- 
derstanding of Kanouse’s statement that “The antheridial branch 
winds about the oogonium,” — would receive factual confirmation to the 
extent to which Kimouse’s fungus might lie held to be representative of 
Pythiomorpha. 
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For such representativeness neither the original application nor most 
subsequent usage offers much support. The irregular intramatrical 
hyphae and the emission of ready-fashioned zoospores from the sporan- 
gia, ascribed by Petersen to the fung^ on which the genus in question 
was based, points rather definitely to a species of Phytophlhora with a 
proliferating habit. Because of the same considerations, supported 
besides by additional similarity suggested in the application of the an- 
theridium near the base of the oogonium, von Minden’s accoimt of his 
Pythiomorpha gonapodioidea likewise indicates, and with even greater 
probability, a proliferous species of Phytophlhora. Similarly prolife- 
rous species of Phytophlhora would seem to be represented also in the 
fungi newly described by Ito and Nagai under the binomials Pythio- 
morpha mtyabeana and Pythiomorpha oryzae, the ostensibly intercalary 
“gemmae” of which show immistakable general resemblance to the pro- 
miscuously vegetatively proliferous bodies apparently interpretable as 
sporanpa of frustrated development, that are often formed terminally 
on extramatrical hyphae in various species of Phytophlhora, as, for 
example, in notable abundance in the American pink-rot fungus to 
which reference was made in an earlier paper (11) as Phytophlhora 
erylhroaepUca, and which later was described by Tucker (25) as an 
independent species under the binomial Phytophlhora drechaleri. 
Owing to the absence of sexual structures, and to the somewhat incon- 
stant and often rather rudimentary development of the evacuation 
tube, the immediate affinities of Pythium undulatum which Apinis (1 ) 
transferred to Pythiomorpha remain much more conjectural. If it 
be assumed — ^what there is much reason to doubt —that the Pythi- 
aceous plants dealt with by the several authors under the specific term 
undulatum were, indeed, all conspccific, articulation with such more 
exceptional proliferous types as Pythium anandrum, or Pythium pro- 
hferum or even Pythium megalacanlhum may be as well within the 
realm of possibility as membership in the helicoides series or in Phytoph- 
thora. In any case it is apparent that representatives of at least 
two groups of Pythiaceous fimgi, separated by very obvious differences 
in their more distinctive ontheridial relationships and in oospore 
structure, have been assigned to Pythiomorpha] and of the two only the 
one less frequently, and apparently also less correctly, thus assigned 
would conform to the characterization by Kniep relative to the coiling 
of antheridial filaments in the manner illustrated presumptively in 
Pythiogeton tranaversum. It is to be noted, moreover, that in all 
species of Pythium in which involvement has been observed, the anthe- 
ridial branch winds about the oogonial hypha, whereas in Pythiogeton 
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troTiaveraum, according to von Minden’s account, the reverse condition 
is the one more abundantly represented, the prevailing relationship 
being therefore more comparable to that occurring in various species of 
Aphanomyces, as, for example, in A. camptostylus DrechsL, in A. dado- 
gamus DrechsL, and in the form from pansy roots which Meurs (21) 
designated, though evidently somewhat unhappily, as A. euieichet 
P.F. 2. 

Although appearance of the antheridium at a very early stage in the 
development of the oogonium, held by von Minden to be a distinctive 
feature of the genus Pylhiogeion, is not frequent among species of Pyth- 
ium, approximately equally early development of the male organs is to 
be observed in the two species described by me (12) under the names 
Pythium polymaatum and Pythium mastophorum. Early appearance 
of the antheridium is to be noticed also in cultures of the closely related 
fungus that Buisman (6) and later Diddens (8) foimd occurring on 
flax roots in Holland and discussed imder the binomial Pythium 
megalacarUhum. 

Evidently then some of the features which von Minden considered as 
distinguishing PythwgeUm from Pythium are in reality not altogether 
foreign to the latter genus. Yet after making allowance for the similar- 
ities to one or another of the various series of forms included in Pythium, 
the fimgi assigned to Pythwgeton present in common such a degree of 
distinctiveness that continued maintenance of the separate genus for 
them seems altogether appropriate. However, disposition of the fun- 
gus isolated from decaying cat-tail material to a pla^ within this genus 
is in some degree, a matter of conjecture. The uncertainty surround- 
ing such disposition is due mainly to the fact that von Minden directed 
his attention more to features pertaining to the genus than to the pecu- 
liarities marking each of the several species. Indeed, it is probable 
that in the water cultures employed by him the sort of peculiarities 
that contribute largely to the mdividuality of a species may not have 
been well expressed. The problematical taxonomic import attaching 
to the greater width of the vegetative hyphae found in cultures of the 
present fungus, and to the absence of a sexual stage, has already been 
discussed. Significant differences from the description of Pythiogeton 
utnforme can perhaps be read into the frequent production of an inter- 
calary sporangium a very short distance from the tip of the supporting 
hypha, as well as into the much shorter period of motility of the 
sooepores, though ordinarily such details would not impress one as 
especially decisive. The smaller dimensions of the sporangium and the 
inferior length of the distal hyphal appendage, when an appendage is 
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present, would seem to indicate somewhat more definitely that the fun- 
gus under consideration is not to be identified as Pythiogeton Iransver- 
8um. Even when sporangia are borne in dense arrangement or in heaped 
masses (Fig. 1, B, a), no conspicuous branching of stout sporangiferous 
hyphae, such as was set forth in von Minden’s description of Pythio- 
geton ramoaum, is to be observed. The sporangia of Sparrow’s Pythio- 
geton ramoaum, generally measuring, according to the description of 
that author, 60 m in length and 20 m in greatest transverse diameter, are 
evidently considerably smaller than those of the fungus in question; 
and similar inferiority in size is to be inferred with respect to the sub- 
spherical sporangia of Pythium diacarpum which Butler described 
as having a diameter of about 30m. That the fungus in question is 
different from any of the forms originally described as species of Pythio- 
geton or presumed to be referable to that genus certainly can not be at 
all strongly asserted. Yet, on the other hand, to assert an identity 
with any one of these forms would be even more difficult, as such asser- 
tion would entail outright contradiction of some part of the very 
limited body of diagnostic detail contained in the descriptions. The 
fungus is therefore described here, somewhat reluctantly, as a new 
species. 


Pythiogeton autossytum sp. nuv 

intramatneal rayechura composed of hyphae branching mostly at rather 
wide angles and at moderate intervals, measuring 1 6 to 7 Om in diameter, 
each clement maintaining usually a nearly uniform width from ongin to tip, 
the wider axial hyphae of straightforward course, the shorter branches 
usually with somewhat abrupt changes in direction, and often bearing ap- 
pressona m groups of 6 to 10 or more, the individual appresBonum distend^ 
elavate, mostly 10 to 13m m diameter and 20 to 30m m length, after functional 
frustration often growing out mto irregular processes of somewhat crescentic 
parts Under aquatic condition extramatncal mycelium rather meager 
Aenal mycelium on dry substrata generally meager, arachnoid, yet often 
spreading rather extensively over surfaces of adjacent bodies 

Sporangium terminal or mtercalary, when intercalary miwtly borne only a 
short distance from the tip of the supporting filament, the distal element 
mostly 3 to 30m m length remaining as an empty appendage; when produced 
under conditions suitable for zoospore production sometimes subephencal or 
ellipsoidal, but more often markedly ventricose, utnform, or bursiform, with 
the expanded part free and its axis directed athwart the axis of supporting 
hypha, or occasionally bilocular as through fusion of two parts, either of 
amioh may be sutephencal or bursiform, measuring 10 to 226m, mostly 60 to 
160m (average 96m) m length and 13 to 68m, mostly 30 to 54m (average 42m) 
in greatest diameter; when formed under conditions unsmtable for soosporo 
formation, mostly subspherical measuring usually 32 to 61m (average 40.4m) 
in diameter. Evacuation tube arising often from position opposite attach- 
ment of supporting filament and directed in approximate ^gnment with 
that filament, but at other tunes ori^nating from other positions; measuring 
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mostly .3 6 to 7 0/t (average between 6.5 and 6.0^) in diameter, and 6 to SOO/u 
in length, in oases of frustration often becoming septate, and discharging 
from a branch. Zoospores formed up to approximately 100 from a si^e 
sporangium, broadly reniform, the longitudmal furrow bearing the two ciUa 
well-marked, the forward end more pointed than the rounded rear end, meas- 
uring mostly 18 to 20/i m length and 11 to 13^ in width m motile state; after 
roundmg up measuring mostly 13 to 17m (averara 15m) m diameter; germinat- 
ing individually by the production of I to 4 dfelicate germ tubes, or giving 
nee to a secondary zoospore after proliferating an evacuation tube approxi- 
mately 2m ui diameter, and 2 to 27m m length. 

Isolate from dying and decaying leaves of Typha latifoha L. collected near 
Port Clinton, Ohio, October, 1^1. 

Mycelium ramosum, hrahis I 6 — 7.0m crassis. Zoosporangia terminalia 
et intcrcalaria globnsa vel elhpsoidca plerumque 31 — 51m (m^ia circ. 40m) 
diam , nut saepe elongato-ovoidca et in hyphis transverse et inaequaliter 
disposita, intei^um biloba, 16 — 226m saepius 50 — 150m (media circ 06m) 
longa, 13 — 68m saepius 30— 54m (media circ. 42m) Ist^ Zoosporae majuscu- 
lae, maturitate plerumque 13 — 17m diain Oogonia et oosporae ignotae. 
Hab. in foliis moriontibus Typhae latifohae, Port Clinton, Ohio. 
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ENTOMOIXXIY. — Strategus simson L, and related West Indian 
species (Coleoptera: Scarabaeidae).' Edwahd A. Chapin, Bureau 
of Entomology. (Communicated by Harold Morrison.) 

In connection with a taxonomic study of the Cuban Dynastinae, all 
available material of the supposed species Strategus Manus (Fab.) was 
examined. This “species” is found on various islands of the West 
Indies, the 103 specimens at hand coming from Jamaica, Cuba, Santo 
Domingo, Navassa, Porto Rico, and St. Ooix. Each of the four major 
islands of this list supjjorts a form which differs consistently from the 
others in certain external characteristics and in the conformation of the 
aedeagus. A single specimen from Navassa, the only one seen, ap- 
pears to be identical with specimens of similar development from Santo 
Domingo, and a few specimens from St. Croix are like corresponding 
individuflls from Porto Rico. One specimen, a female, from near Jean 
Rabal, Haiti, certainly lielongs to the Cuban species and not to the 
native; its presence in Haiti is evidence of the shifting of species by 
commerce or by some natural agency. 

Up to the present, five names have been proposed in this group. 
These are given below in chronological order of their publication and 
an effort has been made to apply them to one or another of the species 
recognized here as distinct. 

‘ Received June 8, 1032. 
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Scarabatua nmaon L., 1768. — ^This species was based soldy on the worics 
relating to the Jamaican fauna of Sloane* and of Browne, in which woriu the 
insect is passably figured. There can be no argument against the acoeptanoe 
of this name for the Jamaican species. 

Scarabaeita eurytua Fab , 1775.— This name is said to be based on a female 
specimen from the Hunter Collection and is accompanied by a description 
too inadequate to insure recognition 'fhe type specimen, now at Glasgow, 
has been reexamined, and is a small male The species is considered by 
R. A. Staig, 1931, as a synonym of aS. ttlanua Fab. 

Scarahaeua Uianua Fab , 1775. — For some reason not evident to the present 
writer, Fabricius transferred the Linncan name, S. aimaon, to an Indian 
(Elast or West ?) species said to be related to S. acteon L and established 
the new name titanua for the Jamaican species, citing the volumes of Drury 
and Sloane As Drury had already adopted the Linnean name m his work, 
and as the Sloane citation by Fabricius is identical with the Sloane citation 
by Lmnaeus 1768, and as Drury’s figure evidently refers to the Jamaican 
species, this Fabrician name must drop into synonymy under S. atmaon L. 

Scarahaeua aenobarbua Fab , 1775. — Again it appears impossible to identify 
this species from the description. The t}rpc is in the Hunter collection and in 
1792 Fabricius himself merged this species with S eurytua Fab Ohvier has 
included Jamaican specimens under this name and it appears that he con- 
sidered Fabncius's specimen a small male of 8 atmaon L An examination 
of the type has been made by R. A Staig, 1931, and he places this name in the 
synonymy of aS. tttanua Fab 

Scarahaeua ajax Oliv , 1789 — ^The locality whence came the type of this 
species was not known to Olivier but an exanunatioii of his published figure 
leaves no doubt in the writer's mind that Olivier was dcalmg with the Cuban 
form. The development of the anterior thoracic horn as portrayed is typical 
of this spieciOB only 

Thus there are two names, atmaon and ajax, available for two of the four 
species now before the writer, and these four may bo distinguished in the 
foUowmg manner. 


KEY TO MALES 

1. Posterior margm of sixth abdominal stenutc set with multiple rows of 

long, gently curved, contiguous hairs; lateral lobes of aedeagus each 
without angular prominence on outer margin near apex (Figures 

5, 6), Porto Rico, St. Croix barbigenii n. sp. 

Posterior margin of sixth stemite set with a sm^e, or at most a double, 
row of long, straight hairs, which are spaced by at least their own 
diameters; lateral lobes of aedeagus ea^ with a more or less well 
developed angular prominence on outer margin near apex 2 

2. Discsl portion of elvtra without ocellate punctures; in specimens of major 

development the anterior median horn widened and rather deeply 
forked at apex, and the posterior lateral horns long and slender 
(aedeagus as in Figure 1); Jamaica ifaiuwn L. 

* For complete eitationa, eee under reepeotive speeiee below. 
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Disoal portion of elytra with more or lees roKular rows of ocellate punc- 
tures, anterior median horn never Btronfdy widened or deeply forked 
at apex, posterior lateral horns never long and slender 3 

3. Lateral margm of each lobe of aedeagus extended near apex in a spiniform 
process (Figures 2, 3) ; males of major development not seen, pfjssibly 
absent; anterior median horn of pronotum slender, Santo Domingo, 
Navasaa laterisplnut n sp. 

Lateral margm of each lobe of aedeagus nut extended in u spiniform 
process (Figure 4); males of major development frequent, anterior 
median horn of pronotum usually stout and parallel-sided; Cuba 
(introduced on Santo Domingo) ajax Ohv. 

KEY TO FEMALES 

1. Discal portion of elytra without ocellate punctures (jiygidium as in 

Figure 7) . . simson L. 

Discal portion of elytra with at least two, sometimes with several, in- 
complete rows of u<%llate punctures 2 

2. Pygidium nut strongly protuberant at middle (Figure 10) and nut over- 

hanging the apical margm of the sclerite, its apical portion sparsely 
punctured barblgeiua n sp. 

Pygidium strongly protuberant at middle (Figures 8, 9) , overhanging the 
apical margm of the sclerite, its entire surface densely punctur^ or 
sculptured laterispinus n. sp and ajax Ohv 

DESCRIPTION OF SPECIES 

The four species described below have the following characteristics in 
common. 

Size large to very large, from 24 to 42 mm (exclusive of horn), form robust, 
sides subparallel, apical half of elytra broadly rounded, color castaneous to 
pioeous-black, vestiture of pygidium and underparts ferrugmeous. Head 
Bubtnangular, apex of clypeus truncate and reflexed in male, minutely bi- 
dentate m female, clypeofrontal suture bearing two small, widely separated 
tubercles. Pronotum polished, finely marppned and finely to coarsely sculp- 
tured just inside marginal bead, with an antenor median excavation which, 
in the male, is bound^ posterolatcrally by two more or less well-developed 
horns or bmses, anterior margin of male prolonged at middle m a hum, the 
apex of which is usually notched Fllytra dull, alutaceous Propygidium 
with a median series of coarse stndulatory ridges Pygidium of male stnmgly 
convex, of female from nearly vertical to strongly convex Postenor margm 
of sixth stemite of male broadly truncate to emarginate. Antenor tibia 
quadri- (rarely tn-) dentate, anterior tarsus about as long as antenor tibia. 
Middle and postenor tibiae each with two well-developed oblique setigerous 
ndges, apex of middle tibia with two nearly equal acutely tnangular digita- 
tions, postenor tibia with three unequal digitations, the middle always the 
smallest. 

In the dosenptions which follow, it is to be understood that there is no 
defimte line of demarcation between major and minor forms in the male sex. 
In each case, the extremes of variation have been desenbed. 

Stuatbous BUiBON (Lumaeus) 

Scaraibaeus major niger tricomtt Sloane, 1725, Vo3rage Jamaica, Vol. 2, p. 

205, PI. 237, Figs. 4, 5. 




Fif( 1 — Apioal view of nedesgua of S. ttmson (L ), Jamaica — Fig. 2 — ^Apical view 
of aedeagua of S Uuenapintu n. sp., Santo Domingo — Fig 3 — Apical view of aedeagiu 
of S Inttnapxnua n. ap , Navaaaa I — Fig 4 — Apical view of aedeagua of S. ajax (Oliv ), 
Cuba. — Figure 6 — Apical view of aedeagua of S. barbigerus n ap., Porto Rico — Figure 
0 —Apical view of aedeagua of S. barbxgerus w. ap., St. Croix —Figure 7. — Profile of 
pygldium of female of S nmton (L ), Jamaica. — F^ure 8 — Profile of pygidium of 
female of S. ajax (Oliv.), Cuba —Figure 9 —Profile of pygidium of female of S. laleri- 
aptnua, n. ap., Santo Domingo. — Figure 10 — Profile of pygidium of female of S borbt- 
parua n. ap , Porto Rico 

462 
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Saxrabaeus 4. Browne, 1766, History Jamaica, p. 428, PI. 43, Fig. 6 (woric 
not seen, citation taken from Linnaeus 1758). 

JScarabaeua nmaon Linnaeus, 1768, Syst Nat., Ed. 10, p 345 (above works 
cited). 

JScarabaeua atmaon Drury, 1770, Illust Ins., Vol. 1, PI. 36, Figs. 3, 4. 
Scarabaeua Manna Fabncius, 1775, Syst. Ent., Vol. 1, p. 10 (cites Sloane, 
and Drury). 

Scarabaeua aenobarbua Fabricius, 1775, Syst. Ent., Vol. 1, p. 10 
Scarabaeua eurytua Fabricius, 1737, Mont Ins , Vol. 1, p 5 
Scarabaeua aenoburbna Fabncius, 1787, Mant Ins , Vol 1, p 6 (mispnnt). 
JScarabaeua 4 (Scarabaeua atmaon on plate), Browne, 1789, History Jamaica, 
p. 428, PI. 43, Fig. 6 (apparently identical with Browne, 1756, except for 
addition of Linnaean name on plate). 

Scarabaeua titanua Olivier, 1789, Ent , Vol 1, Pt. 3, p 26, PI 5, Fig. 38 
Strategua titanua Burmeister, 1847, Handb. Ent , Vol. 5, p 136 (pars) 
Scarabaeua tiianua Staig, 1931, Fabncian Types Ins. Hunter Colin., Coleopt , 
Pt. 1, pp. 80-83, PI 24. 

Pronotum. Male, major development: Anterior horn about twice as long 
as diameter of head acrops eyes, rectangular m cross section near base, upper 
lateral margins finely but distmctly beaded, dorsal surface with but a faint 
trace of m^ian canna, sides divergent antenor^ so that extreme apex is 
about twice as wide as narrowest part, apex deeply, triangularly notched, the 
pomts on either side of the emargmation acute Posterior lateral horns 
elongate, compressed, each nearly as long as anterior horn, with sides con- 
vergent to the rounded ajicx. Pronotal surface shining, iinpunctatc Male, 
minor development: Anterior horn conical, about one-third us long as di- 
ameter of head across eyes, extreme apex with a small triangular notch 
Postenor lateral horns reduced to low bosses, each finely and rather denpcly 
punctured. Female: Anterior horn reduced to a minute tubercle placed 
about twice its diameter behind the anterior margm of the pronotum, pos- 
terior lateral horns absent, behmd the tubercle a circular depression whose 
diameter is from ono-fourth to one-third the greatest diameter of the pro- 
notum; surface of the depression, anterior third of pronotum, and flanks 
coarsely sculptured, rest of surface finely and rather sjnu^ly punctured 
Elytra. Lateral margin finely beaded, sutural margin broader and set off 
from disc of elytnm by a deep, crenulatod groove. Surface minutely and 
moderately closely puncture*!, with a few coarser punctures scattered over tho 
surface No trace of longitudinal rows of punctures on disc but with two or 
three partial rows of ocellate punctures on busal half below humerus. 

Pygtdium. Male Strongly convex, basal third moderately densely clad 
with long hairs, apical margin at middle with a thickened lip which is simi- 
larly hairy Surface sparsely and rather coarsely punctured. Female: 
Vesliture similar to that of male, contour leas convex, surface more coarsely 
punctured At sides, broadly and shallowly depressed along apical margin. 
Figure 7. 

Laat atermte. Male Surface impunctate, apex broadly truncate, margin 
set with a single, and across truncaturc with a double, row of stiff hairs. 
Female; Surface stron^y sculptured basaUy, finely and very sparsely 
punctured apically, apex not truncate, margin set with hairs as in male. 
Aedeagua, Figure 1. 

Type tocalt^y.— Jamaica, 
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Apparently a common species on the island. Thirteen males and twenty- 
five females from the following localities have been seen: Mandeville, Man- 
chester, Balaclava, St. Elizabeth; Bazon Hill, Trelauney; Kingston; Bath; 
Port Antonio, Cuna Cuna; Amtally; Snug Harbor, Montego Bay. Among 
the mdividuals examined, males of major development are fairly common. 
Possibly of economic interest in connection with the banana industry, as 
spiecimens occasionally enter this country on bunches of the fruit 
Sthatequb ajax (Obvier) 

Scambaeus ajax Olivier, 1789, Ent , Vol 1, Pt 3, p 27, PI. 2, Fig 10 
Strategus tilanua Burmeistcr, 1847, Handb Ent , Vol. 6, p 136 (pars). 

Pronotum Male, major development. Antenor horn stout, a little longer 
than diameter of head across eyes, rectangular in cross section throughout 
most of its length, upjier lateral margins acute, lower lateral margins in- 
distinctly beaded, dorsal surface usually with a well defined though not acute 
Carina, sides nearly panillcl, apex with a shallow, tnangular notch, the points 
on either side of the emargmation subacute Posterior lateral horns reduced 
to low comiiressed pyramidal bosses, acute at apices, with anterior (vertical) 
margins acute, posterior (horizontal) margins rounded and joined across 
disc in an even arc, which occasionally is slightly produced on the median 
line. Pronotal surface smooth, finely and sparsely punctured except in the 
excavation Male, minor development: Antenor horn conical, about half as 
long as the diameter of an eye, extreme ajiex minutely notched Posterior 
lateral horns effaced I*ronotal surface distinctly and moderately densely 
punctured Female. Similar in development to that of S stmmn (L). 

Elytra Lateral and sutural margins much as in S nmaon (L ) but with 
the subsutural groove less deep and more distinctly crenulated Surface 
with a mixture of very minute and fine punctures, with five or six partial 
longitudinal rows of oceilate punctures on disc and with as many more below 
humerus. 

Pygtdtum Similar to that of S. aimmn (L ) except that in the female it is 
more evenly and stningly convex Figure 8 

IjOsI stemite Male Surface with a few fine, scattered punctures and 
with some slight sculptunng at sides near base, apex broadly, tmnsversely 
emarginate, margin with vestiture as in S nmaon (L ). Female: As in 
S nmaon (L ) 

Aedeagua, Figure 4. 

Type locality.— Unknown but apparently Cuba. 

A common species over the island, associated at least occasionally with 
Agave fourrroydea Lem Thirty males and thirty-seven females have been 
examined, coming from the following localities: Cuba. Pmar del Kio (My; 
Havana— Santiago de las Vegas, Havana City, Santa Clara- -Cayamos, 
Cienfuegos, Camaguey — Nuevitas, Baragua, Estrella, Jaronu; Onente— 
Santiago de Cuba, Baracoa, Guantanamo. Santo Domingo. Haiti— Jean 
Rabal. 


Strategus laterispinus n. sp. 

Pronotum. Male, major development. No specimen at all comparable 
in development to major forms of S nmaon (L.) and S. ajax (Ohv ) seen. 
Anterior horn about half as long os diameter of head across eyes, rectangular 



19, 1032 CHAPIN; BTRATBOCB BIUBON 


465 


in oroBB aeotion, upper lateral margins and dorsal carina subacute, lower 
lateral margina not sharply defined, sides parallel, apex with small triangular 
notch, points on either side of emargination blunt. Posterior lateral horns 
very low, each arising to a compressed, subacute apex. Pronotal surface 
finely, evenly, and sparsely punctured except m the excavation, which is im- 
punctate but usually with more or less (xiarse sculpture in its anterolateral 
regions. Male, minor development: Anterior horn conical, about as long 
as the diameter of an eye, evenly rounded from side to side above, subentire 
at apex. Posterior lateral honu almost effaced. Punotation and sculpture as 
above Female: Anterior horn virtually absent, visible as a minute tubercle 
on only an occasional specimen Anterior half of circular depression more 
coarsely sculptured than posterior, sides of pronotum hkewisc more coarsely 
sculptured than usual, surface otherwise finely and sparsely punctured. 

Elytra. Much as in iS. ajca (Oliv ) but with ocellatc punctures more 
densely placed, the rows reaching almost onto the subapical callosities and 
with the subsutural groove finer and leas deep 

Pygtdtutn Male: Strongly convex, basal fourth densely clad with long 
hairs, apical margin at middle with thickened lip which la aparsely clad with 
hair Surface nut polished, finely and rather indefinitely punctured, rather 
coarsely sculptured at sides Female Strongly convex, almost as in the 
male, coarsely punctured or sculptured over entire surface Lateral de- 
pressions dee[) and moderately broad Voatiture us m male Figure 9 

Last atemite As m the cuneaponding sexes of S. ajax (Oliv.) 

Aedeayufi, Figures 2, 3. 

Type locality , — Santo Dommgo Haiti, Manville 

Type and five paratypos in the American Museum of Natural History, 
seven paratypes in the U. S National Museum, Cat , No 44111. 

Tyiic, a male from Manville, June 10, 1022, paratypes fnim Haiti. Man- 
ville, Republica Dominicana- Puerto Plata, Sanchez, San Franciaco, Navassa 
Island 


Strategus barbigerus n sp 

Strategug titanns Smyth, 1920, Joum Dept. Agr Porto Rico, Vol 4, pp 7-21, 

PI. 3 (err det.). 

Pronotum Male, major development Anterior horn about as long as 
diameter of head across eyea, rectangular in cross section near base, upper 
lateral margins suliacute, dorsal carma absent, dorsal surface conspicuously 
punctured, sides divergent anteriorly so that extreme ajx'x is half again as 
wide as narrowest part, apex deeply, triangularly notched, points on either 
side of notch subacute Posterior lateral horns short, obtuse, compressed, 
margins not acute, extreme apices right angled. Pronotal surface, including 
excavation, finely and sparsely punctured Male, minor development: 
Anterior horn short, stout, conical, apex minutely notchoil, post erior lateral 
horns effaced, pronotal surface, including excavation, coarsely sculptured 
generally over anterior half, posterior half minutely and sparsely punctured. 
Female- Anterior horn reduced virtually to extinction, anterior half of 
pronotum, including the circular depression, coarsely sculptured, the sculptur- 
ing invading the posterior half in the lateral thirds, rest of pronotum finely 
and sparsely punctured. 

Elytra. Lateral and sutural margins as in the preceding species except 
that the subsutural groove is crenulate only toward disc, simple toward 
suture. Surface finely and sparsely punctur^, with five or six partial rows 
of ooellate punctures on disc and with three strong rows and many irregularly 
placed ocellate punctures below humerus. 
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Pygtdium. Male: Strongly convex, basal fifth and apical thickened mar* 
gm moderately densely set with long hairs. Surface smooth and impunctate 
except along margins, where it is moderately coarsely sculptured. Female: 
Nearly vertical, sculptured as in iS. latensjnnus n. sp. Figure 10. 

Last atenaie. Male: Surface impunctate, apex broadly truncate or very 
feebly emarginate, margin set with multiple rows of densely placed, slightly 
waved hairs, which are mostly directed away from the median line. Female: 
As in iS. stmaon (L.) 

Aedeagua, Figures 6, 0. 

Type locality.— PoTio Rico. Aguirre. 

T 3 rpe and twenty-four paratypes in the U. 8. National Museum, Cat, No. 
44112, twenty parat 3 rpe 8 in American Museum of Natural History 

Type: A male from Aguirre, July 20, 1011, J 8 Orme (P R. Sugar Growers 
Assn , No. 116-1911), parat 3 ipes: Porto Rico — Aguirre, Aibonito, Caguas, 
Coamo Springs, Guanica, Isolina, Mayagues, Ponce, San Juan, Santuroe, 
Santa Isabel, and from Porto Rico without definite locality; St. Croix — 
Chnstiansted , St. John. Specimens, probably of this species, have been 
reported from Vieques Island 

Under certain conditions, this species becomes on important enemy of sugar 
cane. For a detailed study of life history and economic status, see Smyth’s 
paper cited above 

PROCEEDINGS OF THE ACADEMY AND AFFILIATED 
SOCIETIES 

GEOLOGICAL SOCIETY 
489th meetino 

The 489th meeting was held at the Cosmos Club April 13, President 
Matthes presiding. 

Informal communtcalton: Wilbur Nelson (University of Virginia) re- 
ported the discovery of a coarse conglomerate about 800 feet thick, the lower 
120 feet of which contains pebbles and boulders, both angular and rounded, 
and from 2 to 12 inches m diameter, imbedded in a metamorphosed sediment, 
now composed of feldspar, blue quarts, and mica The lower 120 feet of 
these mctamonihosed sediments, which lie next to the Lovingston quarts- 
monzonite, have the appearance of an augen gneiss, or a mylonite. 

Above the lower 120 feet, there occurs 286 feet of conglomerate full of 
pebbles from 2 to 6 inches in diameter which become more scattered toward 
the top. Above this middle section of the formation is 345 feet of conglomer- 
ate contaming pebbles from 1 to 4 inches m diameter. This upper part of 
the conglomerate grades into a mica gneiss, which is correlated with the Lynch- 
burg gneiss. The Lynchburg gneiss occupies a belt about one mile wide at 
this point, and as it has dips of over 70 degrees entirely across its outcrop, its 
exposed thickness is approximately 6,000 feet. The conglomerate and 
Lynchburg gneiss have a strike of N. 30 degrees E , and dips from 70 to 80 
degrees to the northwest They are slightly overturned. The boulders and 
pebbles m the basal 120 feet of the con^omerate are of quarts, granite, and a 
fine-grained siliceous gneiss. These pebbles and boulders occur in clusters in 
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which the pebbles are generaUy from 1 to 2 feet apart. The clusters are 
separated by 4 or 5 feet of almost barren conglomerate. 

Some of the boulders are long and narrow — approximately 2x6 inches, — 
where seen on the weathered crosS'Seotion of the vertical beds. 

On the north side of Rockfish River at the base of the conglomerate, the 
Lovingston quartz-monsonite outcrops, whereas on the south side of the river 
an amphibolite dike crops out, which occupies the place of contact tetween 
the Lovingston quarts-monzonite and the conglomerate Also near the mid- 
dle part of the con^omerate is a 75 foot off-^oot of this amphibolite dike. 
There are no amphibolite pebbles in this conglomerate, or pebbles of grano- 
dioritc, or of Catoctin schist. 

This 800 foot conglomerate is named the Rockfish conglomerate, from its 
type locality on Rockfish River, and is considered to lie at the base of the 
L^chburg gneiss of which it is the basal conglomerate. It is probable that 
further work will show that the Rockfish conglomerate extends to the south 
in the Lynchburg area and to the north into the edge of Albemarle County 

Program: E. H. Watson of Bryn Mawr College: The petrology of 
Carlos Mountains, Tamaultpas, Mexico. 

Discussed by Messrs Keith, Goldman, Stanton, Kino, Milton, and 
Hbwett. 

Ahthtjb Keith* Stratigraphy and structure in western Vermont. 

Discussed by Messrs Kino, Butts, Resser, and Prindle 

490th meeting 

The 490th meeting was held at the Cosmos Club April 27, Vice-President 
Hess presiding. 

Program: G. A. Cooper: A new accent in paleontology — The recent rise 
of stratigraphic paleontology has been accompanied by a waning interest in 
morphological palcontolofp^. But on the wave of stratigraphic paleontology 
has come a renewed activity in the study of all groups of invertebrate fossils. 
This renewed activity has brought with it a flood of new generic names, 
many of which are poorly defined. The logical check on this flood of names is 
sound morphological study, in which the complete anatomy of the hard parts 
of the fossils IS considered Such a study is nccoesanly based on excellent 
specimens or very well prepared fossils 

As a basis for such morphological studies chemical and physical methods for 
the preparation of fossils have been developed which permit the investigator 
to obtain all points of shell anatomy When fossils are silicificd their internal 
structure may be obtained by etching away the calcareous matrix in dilute 
acid. To obtain the muscle-marks and mtemal septa the shell may lie sof- 
tened by burning and then picked away so as to reveal the mtemal mold. 
The dental engine facilitates the preparation of internal characters. 

By obtaining complete interiors and emphasizing the total morphology of 
bracniopod shells internal changes due to age may be traced, and perplexing 
homeomorphs detected. In the brachiopods the internal characters give a 
sound basis for classification, the conservative structures of the dorsal valve 
defining the famiUcs and the variable ventral interior and external ornamenta- 
tion defining the genera (Au^or’a abstract.) 

Discussed by Mr Woodrino. 

M. N. Bramlette: Orimn of the Monterey siliceous rocks of California. 

Discussed by Messrs. Hess, Mansfield, Goldman, Anderson, Milton, 
Robey, Ladd, Miser, King, C. S Robs, Bridge, and K. E. Lohman. 
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The 49lBt meeting was held at the Cosmos Club May 11, Vioe-President 
Hess presiding. 

Informal commumcattona: Chab. Burrs presented a geologio map of the 
Valley of Virginia based largely on field work of his own but which includes 
also all available published and unpublished material. 

F. G. Wells presented a new physiographic map of Ore^n prepared by L. 
C Raymond of Oregon and pointed out some of the physiographic problems 
studied in particular by Mr. Raymond. 

Program: W. W Rubey: AUuvtcd tslanda: thnr origin and effect upon 
stream regimen — Throughout most of their courses in the States of Missouri 
and Illinois, the Mississippi, Missouri, and Illinois rivers are not meandering 
streams. Their crooked courses are due chiefly to division of the channel by 
many large alluvial islands Yet, inasmuch as these rivers appear to be 
neither aggrading nor degrading their channels, the persistence of the islands 
raises several questions 

The islands arc larger and more numerous near the mouths of tributary 
streams This fact, together with the occurrence in the river of small sand 
bars, larger mud flats and “willow bars,*’ and large wooded islands, suggests 
that the islands grow up from deposits, dropped by the heavily loaded tnbu- 
tanes and somewhat protected by tree roots The development of islands at 
tnbutary mouths shifts the site of deposition nverward and thus the main 
channel is progressively deflected and the onginal islands become part of the 
flood'plain about the tnbutary mouths Examples arc numerous in the re- 
gion of this crowding of the nver channel ogamst the bluffs oppiosite tnbutary 
mouths 

'I’he effect of the islands upon stream regimen is a problem distinct from 
that of their origin. Measurements of the channel dimensions near a group 
of the exceptionally stable islands m llhnois River seem to show that the 
width and area of the cross-section is perceptibly greater opjxisite the islands 
than immediately upstream and downstream Similar relations are also 
reported in other regions. The increased area of cross-section means a de- 
creased velocity opposite the islands. But m a graded stream the transport- 
ing power must remain constant, despite this decreased velocity, else island- 
growth once started would increase without limit 

The hypothesis is offered that L, the total load transported, may vary as 
Pr", the product of the wetted perimeter of the channel and some power of 
the velocity The measurements in Illinois River indicate that this power is 
about 4i, a value in approximate agreement with the average of 171 deter- 
minations made by Gilbert. The hypothesis may be shown to agree qualita- 
tively with Kenney’s Law for the design of non-silting, non-eroding canals. 
And, from the expression Pv* *» « L and the Chesy formula, the equation, 

SX'^* « may be denved (where S = slope, X — ® 

charge) . This compares fau-ly well with a simplification of Gilbert's cmpincal 
equation of general stream eqmlibnum previously given. If this suggested in- 
verse relation between wetted perimeter and velocity in a graded stream should 
be found to hold true generally, it would mean that a stream could only be fully 
loaded with respect to a particular length of wetted perimeter Widening 
the same stream so as to increase its perimeter, even though the velocity was 
somewhat decreased thereby, would mcrease the total transporting power. 
(Author’s abstract ) 
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W. S. Burbank: ReUUton of CreUtceout and early Tertiary igneous intrusion 
to structure in Colorado . — CertAin effects of the late Cretaceous and early 
Tertiary structures of Colorado in controlling the intensity and locus of igne- 
ous activity are apparent from an inspection of a geologic map showing the 
distribution of igneous masses and the structural treniu. The gradual de- 
velopment of these structural trends can be traced in certain events of the 
historical geology. Some major trends of the Laramide structures coincide 
with or are parcel to highland trends of late Mississippian to Permian age, 
and further evidence afforded by unconformities and by Palefisoic sedunenta- 
tion is believed to show that the outlines of the late Cretaceous and early 
Tertiary structures were an mhentunce, with some moclification, from the 
Paleosoic. 

The principal areas of igneous activity of late Cretaceous and early Ter- 
tiary age coincide in part with the axial trends of the foldmg and thrusting of 
the Laramide revolution, but also equally or even more important centers of 
Intrusion are entirely transverse to the axes of folding Study of the develop- 
ment of tectonic provinces in the State shows that certain kinds of structures, 
which occupy transitional zones between these provinces, have exerted a 
dominating control in localizing the transverse zones of igneous activity 

These transverse structural zones are probably fundamental flaws in the 
crust resulting from intermittent shear and tension produced by differential 
deformation in the bounding provinces. They may perhaps be represented 
m more modem and superficial examples by the shearing and tensional de- 
formation which Brouwer has shown to occur at the zones between major 
gcanticlinal provinces of the Netherlands East Indies Such transverse struc- 
tures were shown to bo persistent throughout several periods of dcfomiation 
in the Tertiary to Recent fonnations of the East Indies There is some evi- 
dence to suggest tliat in Colorado conditions were favorable for the incipient 
division into tectonic provinces as early as late Paleozoic 

Many of the larger intrusive centers and the more important ore deposits 
of the state are situated along or close to this transverse stmeture Other 
and probably less important factors that have affected igneous activity and 
mineralization are the thicknesses of the Paleozoic and Mesozoic sedimentary 
blanket, and the amount of deformation to which the rocks were subjected 
precedmg and during igneous intrusion. Pnivinces of very thin or only 
moderately thick sedimentary blankets were characterized by complex vol- 
canism in late Cretaceous and early Eocene tune, and by important intrusion 
and ore deposition of early Eocene age, especially in or near the zone of trans- 
verse disturbance On the other hand, geosynclmal provinces of thick sedi- 
mentation (15,000 to 20,000 feet or more) that were also affected by strong 
compressive deformation, were charactenzed by weak volcanism in late Cre- 
taceous and early Eocene during the period of maximum compression There 
followed a long cycle of intrusion and volcanism which probably did not reach 
its clunax until late Eocene when compressive forces ceased or became feeble. 
The retarding of volcanism by deformation is comparable to such effects as 
shown by mc^em volcanoes of the Netherlands East Indies where deforma- 
tion has extinguished volcanic phenomena along the crests of the most ac- 
tive geanticlines. The ore deposits are less important in regions of maximum 
thickness and deformation of sediments even where the geosynchne crosses 
the trend of the transverse igneous belt. {Author's abstract.) 

Discussed by Messrs. Rubey. Rebber, and Hewett. 

J. F. ScHAlRER and W. H. Bradley, Secretaries. 
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SCIENTIFIC NOTES AND NEWS 
Dr. WiLLiAic Bowu, Chief ctf the Division of Geodesy of the U. S. CoAst 
and Geodetic Survey, has recently been elected Honorary Member of the 
State RussiAn Geographical Society. 

RECENTLY ELECTED TO MEMBERSHIP IN THE ACADEMY 
Hebbebt Qbove Dobsey, Principd Eleotrioal Engineer, U. S. Coast and 
Geodetic Survey. Instructor of physios at Universities of Maine, Florida and 
Cornell, research engineer, Western Electric Co., National Cash Register 
Co., Hammond Radio Rraearch Lab., and Subma^e Signal Co. Author of 
numerous articles on magnetism, expansion, electroculture, electric furnaces, 
optics, telephony and radio; inventor of several devices including djmamio 
loud speaker and fathometer. 

Habold Edoab McComb, Chief, Section of Observatories and Equipment, 
Division of Terrestrial Magnetism and Seismolo^, U. S. Coast and Geodetic 
Survey. Magnetic observer. Coast and Geodetic Survey, 1009; instructor of 
physics, Umversity of Nebraska, 1011-1014; magnetic observer. Coast and 
Geodetic Survey, 1914. Author of numerous papers on general physios, 
terrestrial magnetism and seismology. 

Walter Ford Reynolds, Chief, Section of Triangulation, Division of 
Geodesy, U. S. Coast and G^etie Survey. Author of various articles and 
publications on triangulation surveys in the United States and Alaska. 
Geodetic computer. Coast Survey, 1907, United States and Canada Boundary 
Commission, 1908-1911; Coast Survey, 1911; Chief Section of Triangulation, 
1924. 


Clarence Herbert Swick, Chief, Section of Gravity and Astronomy, 
Division of Geodesy, U. S. Cowt and Geodetic Survey. Author of various 
articles and publications on the gravity, astronomic^ work and longitude 
determination of the Coast and Geodetic Survey. Hydrographic and 
gravity surveys 1907-1909; geodetic mathematician, 1910, in charge of 
editorial work of geodetic publication, 1912; Chief, Smtion of Gravity and 
Astronomy, 1924. 

Frank N. Weida, Professor of Mathematics, George Washington Univer- 
sity. Author of articles relating to mathematical statistics and actuarial 
science, also text book on anal)d;ic geometry. Head of mathematics and 
science depts., St. Albans, 1914-1916, assistant in mathematics. University 
of Chicago, 1916-1917, instructor m mathematics, Univ. of Iowa, 1917-1924; 
assistant professor of mathematics, Montana State College, 1924-1926; 
assistant professor of mathematics, Lehigh Univ., 1926-1930, assoc^te 
professor of mathematics, George Waahmgton Univ. 1930. 

Paul Clinton Whitney, Chief, Division of Tides and Currents, U, S. 
Coast and Geodetic Survey. Author of vanous feature artioles and publica- 
tions including Coast Pilots. Engaged in hydrop^phio surveys 190K3-1017; 
magnetic observer on first cruise of non-mametio yacht “Qiullee’' of the 
Carnegie Institution of Washington; Chief, Coast Pilot Section, 1919-1926; 
in aharge of San Francisco Field Station, 19^1928; Chief, Division of Tides 
and Cumnts, 1928. 
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BIOMETRY. — The growth of mixed populations. Two species competing 
far a common food supply.^ Alfred J. Lotka, New York, N. Y. 

The general analysis of the growth of mixed populations of any 
number of species in mutual interdependence of any kind which has 
been given by the writer in prior publications* covers many special 
cases. It is of interest to note how it applies to and readily furnishes 
the solution of a'special case that has since been separately discussed 
by Volterra,* namely that of two 8]>ecics competing for a common food 
supply. 

Volterra, following in this respect well-established lines familiar 
from prior literature,^ starts out from the supposition that, in the 
absence of restraining influences, the rate of growth of a population 
would be proportional to the existing population thus 


dt 


rN 


( 1 ) 


resulting in an exponential (Malthusian) law of population growth; 
but that the natural limitations of the food supply convert the coeffi- 
cient r into a diminishing function of N. In the simplest case this 
would be a linear function, so that we should have 

~ ^roN(l-phN) (2) 


• Received August 12, 1932 

• Among these may be mentioned Physical Review, 1912, 34 : 236; Proo American 
Academy Arts and Sciences 66 : 137; 1930; Amencan journal of Hygiene 3 : January 
Supplement; 1923; Elements of Physical Biology, Baltimore, 1925 This last also con> 
tahiB references to the author’s other publications relative to this subject. 

■ Memorie della R Acad Nasion. dei linoei 1926 ser 6, vol. 2, part 3, page 8; L»{otu 
tvrlalhionemalMmattquedelaliUUpourlane, Paris, Gauthiers— Villars, 1931, page 9. 

• See, for example, Lotka, A J , Elements of Physical Biology, 1935, page M. 
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where pA is a constant which I have written as the product of two 
constants for reasons that will appear presently. Equation (2) is 
simply the Verhulst-Pearl law of population growth, which, as we 
know, has been found to fit very acceptably a number of observed 
examples of population growth. 

Now, when two populations compete for a common food supply, 
Volterra writes, essentially. 


' ~ = nN, {1 - p, (AJV, + kN^)} 


~ = nN, {1 - p, (hN, + AiVO} 


(3) 


a system of e(iuations that may be regarded as an almost self-evident 
extension of the equation (2), except that one may question why the 
same constants h, k appear m the two equations. We shall take up 
this question later. For the present we shall accept Volterra’s original 
setting. He does not solve his equations, but discusses certain funda- 
mental properties of the functions defined by them. As a matter of 
fact, by the general method set forth in my prior publications, a 
solution is readily obtained in series form, and at the same time the 
conclusions reached by Volterra drop out very readily, together with 
further information which is not found in his discussion 
We will proceed as follows. Volterra’s equations are of the form 


<]N, 

dt 


rti A’l 


+ Oil ATi* 


+ o«.V.;V, 


dK, 

dt 


OtNa 


+ flu AV + 0*1 A’, A'"* 


(4) 


dNt 




vanish together. This defines three possible equilibria (to be more 
exact, stationary states) as follows. 


a. ) Nr : 

b. ) Nr . 


0 AT, - 0 

. 0 iV. = - - 


c.) A", = 0 Nr 


Pik 
Pi h 


(5) 

( 6 ) 

(7) 
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If the coefficients a are constants, there are no other equilibria within 
real finite values of Nt,Nt. 

Stability of Equihhrium: 1. At Origin. To determine the nature of 
the equilibrium at the origin (iVi ■■ 0, iV* - 0) we form the character- 
istic equation of the linear terms in equations (4), that is, 


Oi - 
0 


X 



( 8 ) 


which gives 


Xi «> Oi 


X* - 0, 


( 9 ) 


Now both Ui and at, from the nature of things, are positive quantities, 
since the case of real interest is that in which each species is viable 
separately under the prevailing conditions. Hence both roots of the 
characteristic equation are positive, and the equilibrium at the origin 
is unstable. 

2. At Second Equilibrium. To examine the character of the second 
equilibrium, we transform the equations (4) to a new origin by writing 



Nx = AT, 

(10) 

we thus obtain 

n, =• AT, + — 

On 

(11) 

cm 

(a, - Ni + a„ ATj* + Ou N, n,] 


dt ” 

\ Om / 1 


drit 

dt 

— Of Tij — Ni + Ojt ni* + 0*1 Ml 

On j 

1 (12) 

And, [forming the characteristic equation, we find here 
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or, in our original notation. 



from which it is seen that the equilibrium is stable if, and only if 
r, (l - ^) < 0 (15) 

i.e., if 

JJi - Pi < 0 (16) 

3. At Third Equilibrium. By the same reasoning we find that the 
third equilibrium is stable if, and only if 

Pi - P» < 0 (17) 

It will be seen that, except in the special* case that pt » pi, one of 
the two equilibria must be stable, the other unstable, 

When Pi is not equal to pt, it is, for reasons of symmetry, immaterial 
to which of the two coefficients we ascribe the greater value. Let us, 
then, write 

Pi < Pi (18) 

so that the second equilibrium is the stable one, 


The general solution of the system of equations (12) can be written 
in the form of exponential series 

AT; = S P„ AT, = 2; Q„ (19) 


Numerical example. For the sake of obtaining a visual presentation 
of the form of the functions defined by the differential equations (3), 
(4), (12), and their series solution (19), several numerical examples 
were worked, of which the following is here selected for reproduction 
in the accompanying graph Figure 1. The values given to the various 

> This special case, as Vulterra has shown, can be intcRTuted in finite terms. It is, 
hoaever, of minor interest, since such an exact relation between the coefficients pi and 
Pt represents, in concrete casee, an infinitely unprohable condition. 
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constants in this example were arbitrary, except that in order to es- 
tablish some contact with a concrete case, the values of the exponent 
Xi and the ultimate population AT. of the one species were those 
actually observed in the human population in the United States. 


GROWTH CURVES FOR TWO POPULATIONS 
Cbmpetuip' for Common Food Supply 



The following is a table of the numerical values' of the several con- 


stanta in this example : 



h 

20 

Pi 

1/1,316,153,333 

k 

10 

P. 

1/10 X 197,27 

r»i 

0 10 

Xi 

-0 03134 

roi 

0 03134 

x> 

-0 06 

Pi. 

-986,366 

Qi. 

00 

P.. 

+100,000 


29,770 

Ph 

+ 102 86 

dot 

+72 228 

Pm 

+0 13084 


+0 14360 

Pm 

+0 00018325 

Q» 

+0 00026977 

Pii 

1,706 6 

Qu 

-712 43 

P.i 

+19 762 

Q« 

+10 306 

Pi. 

-3 1083 

Qi. 

-2 5999 

Pn 

-0 10113 

Q.. 

-0 11656 

Pm 

+0 056626 

Qu 

-1-0 053060 

Pi. 

-0 0056769 

Qu 

-0 0069826 


P„ + 491 83 

P., - 24 66 1 


* A considerable number of eiKmficant ftgutea haa been retained in theee conetante and 
throughout the computations, in order to furnish an arithmetical check on the eenes 
solution (19) This check was obtained by substituting the solution (19) separately in 
the left hand member and the right hand member of equations (4) or (12). In the ab- 
sence of a special investigation of the conditions of convergence of the aeries (19) this 
arithmetical check is necessary, and was found to be well satisfied within the limits of 
the curves shown in Figure 1 
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It will be seen that one of the two populations, in the oircumstances 
to which the graph in Fig. 1 relates, at ^t diminishes, presently turns 
the comer, and then increases, approaching a certain strai^t line 
asymptotically; the other population diminishes continually and 
approaches zero. Thus one competitor drives the other out com- 
pletely. This last point is one of the results given by Volterra^ who, 
however, does not give any method for tracing the actual integral 
curve in detail. 

ISOCLINE DIAGRAM FOR TWO POPULATIONS 
COMPETING FOR COMMON FOOD SUPPLY- 



Figurc 2 


Another graph, which is particularly instructive, is prepared by 
eliminating the independent variable t from the two equations (4), 
and writing 


/i (i^i. Nr) 

dN, ^ ft (A^x. Nt) 


(20) 


where /i and/i are quadratic functions of JVj and N t. The locus of all 


’ A Bimilar conolusion bad been previoualy reached by J B S. IIaldanb regarding 
the competition between two Mendelian phenotypes. Trane Cambridge Philos Soo 
13: 39; 1924 
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points at which the integral curves of (20) have a slope « is given by 


or 


/i _ 

dNt “ * 


( 21 ) 


/i - «/, = 0 (22) 

This defines the iaocltnea as a family of conics, which in point of fact 
are, in the present case, hyperbolas. The construction has been car- 
ried out with the results shown in Figure 2, which exhibits a number of 


INTEGRAL CURVES FOR TWO POPULATlOliS 
COMPETING FOR COMMON FOOD SUPPLY- 



Figure 3 


properties of the isoclines. By their aid a map of the family of integral 
curves has been drawn which is reproduced here in Figure 3. A part of 
the negative field has been included merely for its geometrical interest; 
it has, of course, no concrete meaning for our present problem. 

The following characteristics of this map are particularly 
noteworthy : 

At the origin of Ni, Nt there is an unstable equilibnum charactenzed by a 
stream of integral curves all directed away from the origin (when the tune is 
taken into oonsideration). This corresponds to the two positive roots of 
the oharaotenstic equation 
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There la a second unatable equilibrium at JVi =• 1 /pih, Nt - 0. Here the 
intef^ral curves approach, then turn away, aomding the equilibrium point 
This corresponds to two roots X of opposite sign, of the characteristic equation. 

The third equilibrium at Ni 0, AT* * l/pJc, is stable, the integral curves 
streaming in from all aides This corresponds to the two negative roots X 
of the characteristic equation. 

The locus of the centers of the isochne hyperbolas is a parabola. In par- 
ticular, the center of the isocline for slope <» hes at the intersection of the 
parabola with the axis oi Ni; the center of the isocline for slope zero bos at 
the intersection of the parabola with the axis of Nt. 

'Fhe axes of Ni, Ni themselves are isoclines, the axis of Nt corresponding to 
slope 00 , the axis of Nt corresponding to slope zero 

The second isoclme for slope oo is parallel to the second isoclme for slope 

k 

0, the tangent of their inchnution to the horizontal being — 

Of the osympiotes of the isocline hyix'rbolas, one always has the inclination 

k 

to the honzontal I'he inclination of the other is proportional to the 
slope « characteristic of the isocline to which it belongs. 

Let U 3 now briefly consider the implications of Volterra’s restriction 
that/ll = /ii, andA'i = The physical significance of this restriction 
IS, essentially, that the two species consume one and the same single 
food material, or, if tliey consume a mixed diet, that the proportion of 
each ingredient of the diet which they consume is the same for both 
species. 

Now this is a rather narrow and unrealistic restriction. Moreover, 
if we adopt the general method of treating the subject, it is unneces- 
sary. The solution applies just as well if =t= ht and ki ^ kt. Cer- 
tain significant differences, however, appear in the result. Instead 
of three equilibria in the finite field, there are now four, and one of 
these may be such that not only one species survives, but both. 
This 18 more in keeping with the facts of nature, since it is a matter 
of the most common knowledge that a great variety of species of 
organisms sharing certain sources of food do live together in essentially 
stable equilibrium. 

It is well known that the Verhulst-Pearl curve of population growth 
for a single species has been found to fit very acceptably a number of 
observed cases, among them the growth of the human population of 
the United States, and also certain laboratory populations of fruit 
flies and other organisms. 

It is perhaps hardly to be expected that concrete examples of the 
law of growth for two populations here discussed shall be found in 
nature. There is better prospect of realizing it in a laboratory popula- 
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tion, though the difficulties of establishing the requisite conditions 
will here be considerably greater than in the case of a single popula- 
tion. It would be interesting to see the experiment actually made. 

But it is possible that the treatment which has here been developed 
in the analysis of the growth of multiple populations, may find more 
immediate application in the field of economics. For our variables 
Ni and hT, may be conceived as denoting the size or extent of two (or 
more) commercial enterprises competing for common sources of supply 
and for a common market. It will be recalled that Cournot’s treat- 
ment of the problem of competition has been criticized on the ground 
that under the conditions of the problem, as analyzed by him, any one 
competitor who should possess the slightest advantage over the others, 
would ultimately displace them entirely, and hold the field in absolute 
monopoly. This criticism, however, is justified only on the assump- 
tion that the sources of supply and the markets arc equally accessible, 
in their entirety, to all the competitors. In actual fact, with competi- 
tors scattered over an area, each has a certain surrounding territory 
in which he has an advantage over his competitors. In these circum- 
stances the criticism levelled at Cournot falls to the ground.* These 
oteervations are strongly reminiscent of the facts we observed in the 
analysis of competition among growing populations, regarding the 
effect of varying m some degree at least the composition of the diet 
of the competing populations. In the same way two competing com- 
mercial firms, though they may sell to the same set of people, will not 
sell to their several local zones in identical proportions. That an 
application of an analysis similar to that here set forth should present 
itself as a possibility in dealing with economic systems is only natural, 
since economic competition is, after all, only a special form of the 
more general phenomenon of biological competition. 

■ Compare H Hotki.i.ino, Ernnumic Journal (lA>nduD) 41: 41; J020 

GEOLOGY . — Faults and jmnls in the Coastal Plain of Maryland.^ 
A. L. Dryden, Jr., Bryn Mawr College. (Communicated by 
W. H. Bradley.) 

In the various papers on the Coastal Plain formations of the Middle 
Atlantic States one finds but few references to faulting. McGee* 
thought the rapid change of topography near the fall-line was the 
result of monoclinal folding or faulting. Clark* sought to explain 

‘Received July 11, 1932 Published by permission of the State Geologist of 
Maryland 

• W J McG*n U 8 Geol Survey Seventh Ann Rept pp 61(1-634 1888 

» W B Clark, A B Bibbinb, and E W Bbbrt Maryland Geol Survey, Lower 
Cretaceous, pp 61, 86, 86 1911 
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certain “abnormal” altitudes of lower Cretaceous strata by faulting. 
No direct proof of this faulting was (pven. Two reports of faulting 
in the Coastal Plain of New Jersey, with photographs of fault traces, 
are the only acceptable accounts which have come to the writer’s 
attention.* ■» 

Faulting in the Coastal Plain of Maryland may easily be overlooked. 
First, there are, as yet, no difficulties in correlation which could be 
explained by faults of large throw. Faults, then, probably are either 
small or absent. Second, faults would have no topographic expression, 
nor would their fault planes be distinguishable in the homogeneous, 
unconsolidated sands and clays. Clay lenses or indurated layers are 
not ordinarily present, but generally where such datum planes are 
found, faults are plainly absent. At one exposure, however, on in- 
dubitable fault has been observed, and at two other localities move- 
ment along joints or cracks is clearly shown. 

At a curve on the Crain Highway 3.3 miles south of the southern 
railroad crossing at XJppier Marlboro, Prince George’s County, there 
is exposed a section of Eocene, Miocene, and Pleistocene beds. Fig- 
ure lA* illustrates the relations found here. There are at least two 
lines, lettered o-a and &-&, in this section which may represent faults, 
or which may be erosional features, though such erosional irregulari- 
ties have not been noted elsewhere within the Eocene deposits. The 
line marked c-c, however, undoubtedly represents a fault, along which 
the Pleistocene beds arc brought sharply against Eocene material. 
The direction of dip of the fault plane precludes the possibility that 
slumping has given rise to this relationship. The throw on this fault, 
however, cannot be more than 15 feet (as is indicated by the thickness 
of the Nanjemoy clay) and may be as little as 1 or 2 feet. The Pleis- 
tocene remnant to the right of the fault has been preserved by down- 
faulting, as there is none just to the left of the fault. 

In a road cut on the steep hill } mile east of Newtown, Newtown- 
Dentsville road, Charles County, clayey sands of the lower Calvert 
formation are exposed. Where the cut had been recently “dressed” 
by road employees the relations shown in figure IB were observed. 
The “joints” are indicated by bands of red clay about half an inch in 
thickness which was apparently derived from the overlying Pleistocene 
deposits. In a mad cut about 100 yards west of Well’s Corner, near 

*H Rimh. TI B Kiiumkl, and G N Knapp Np-vv Jersey Gcol Survey 6: 16 
1904 

* R D Sausbcrv and G N Knapp New Jersey Genl Survey 8: 79. 1917 

' MUb 1 M Hellmcr uf Bryn Mawr Cullege has kindly drawn the ar-cumpunying 
figures 
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Upper Marlboro, Prince George’s County, the same features are 
shown, except that the clay bands are very thin. Such clay bands, 
resembling joints or cracks, have been observed in the same beds at 
numerous other localities. Their true nature is problematical. 
Monroe^ has described “cracks” which may be similar to the “joints” 
observed here. The joint lines in this area have a polygonal pattern 
when seen as traces on a horizontal surface. The polygons bounded 
by these structural lines have from three to five or more sides, and 
may be 1 to 6 feet in greatest diameter. The joint lines do not cross. 
Moreover, they were found only in sand beds which, however, con- 
tain so much admixed clay that a coherent ball can be formed from 
the moist material. These structural lines have been traced for about 
15 feet vertically. They die out below, and are usually truncated by 
erosion surfaces above. They may, of course represent cracks due 
to shrinkage resulting from desiccation, but, for want of conclusive 
information, their origin remains in doubt. 

The foregoing description of small faults and joints seems to have an 
interesting relation to the structural history of the region. 

It is beheved (on evidence to be presented later) that the lower 
Calvert and underlying beds m southern Maryland have been differ- 
entially warped. The joints and small faults are possibly related 
to this movement. The upper Calvert (Plum Point Marls) has been 
tilted without differential warping and in its exposure for 15 miles 
along the Calvert Cliffs, Calvert County, no small faults nor any of the 
joints of the type so common in the lower Calvert were observed. 

The faults shown in figure lA are of Pleistocene or Recent age. 
The movement along the joints of the lower Calvert, as illustrated in 
figure IB, may be of Pleistocene age, but at that locality the Pleisto- 
cene overlies the Calvert with a sharp, straight-line contact which 
shows no sign of disturbance. Prom the evidence available, therefore, 
it seems more probable that the warping and jointing occurred at the end 
of lower Calvert time, although the fact that the upper Calvert (Plum 
Point Marls) is restricted to eastern Calvert County and does not 
extend into the area discussed leaves the upper limit of such dating 
open to doubt. 

’W H. Monbob Amer Asaoo Petrol Gool Bull 16: 214 1932 
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PALEONTOLOGY — Holopea symmetrica Hall, genoiy-pe of Holopea 
HaU .^ J. Brookes Knight, Yale University. (Communicated 
by John B. Reeside, Jr.) 

In the course of some work on Paleozoic gastropods I have had 
occasion to nm to earth that frequently cited, but imperfectly known, 
genus Holopea Hall. Holopea is imperfectly known in two senses; 
that the knowledge we have of it is not derived from studies of the 
genotype, so inadequately described and poorly figured by Hall; 
and that the limits of the genus are so broadly defined as to include 
much that docs not belong to it. I have little to offer to mitigate the 
latter difficulty except as I am able to clear up the first. The foun- 
dations of our knowledge of a genus must be based on the genotype, and 
it is with the genotype of Holopea that this paper will deal. This 
study will fortunately not alter materially the concept of the genus 
employed by modern systematists such as Ulrich, Koken, Cossman or 
Pemer, but it is to be hoped that it will give a foundation fur that 
concept that has hitherto been lacking. 

The genus Holopea was described by Hall as early as 1847 (1, p. 
169) and among the species described at that time was //. symmetrica 
Hall. Hall did not designate a genotype nor seemingly did any of the 
several authors who discussed the genus before 1889. In 1889, how- 
ever, S. A. Miller named H. symmetrica Hall and //. obliqua Hall as 
genosyntyiies (2, p. 405) thus narrowing the field for selection, and 
Bossier in 1915 (3, p. 625) designated H. symmetrica genoholotype. 
Cossman’s designation in 1915 (4, p. 19) of H. paludimformis Hall 
is, of course, invalid. 

The holotype of H. symmetrica is deposited in the Hall collection 
at the American Museum of Natural History, New York, their cat- 
alogue No. 751, and Dr. Chester A. Reeds of that museum has been 
good enough to lend me the specimen for study. Contrary to the 
condition of most specimens of Holopea it is excellently preserved, 
although most of its base and all of the aperture are buried in matrix. 
This specimen is shown as Figures 2a-b of this paper. 

The holotype serves to show very clearly the general form and the 
surface characters of the species though, except by means of prepara- 
tion that one does not like to undertake on the sole type specimen of 
the species, the critical apertural and umbilical characters may not 
be learned from it. 

Searching for other specimens which might show the aperture, I 


> Received August 9, 1932. 




Figuroa 1 a-/ Holopin nymmetnca llnll The T G White pleeiotype mentionetl m 
the text n-e Vurious viewR to show form, onuimentation and apcrtural charaoterB. 
/. DiaKrnminatiG, rnmcra-lwtdu sketch of polished section Owidk to the re-cryatall- 
ixation of the shell-w all, it w us diffirult to place accurately Hip boundnnea lietween shell 
and matrix, except in the lust half whorl (lower left) where they are placed wnth some 
accuracy The inner shell boundaries of the other w'horls ure approximations The 
orientation of the section is very slightly oblique and the umbilicus in the last whorl 
therefore appears a little narrower than if the plane of the section had passed through its 
center Yale Peabody Museum \o 13,833 

Figures 2 a-h llolopra eymmflnca Hall The holotyiie Two views to show form 
and omiunentiition This specimen is the original of Hall’s illustration, figure 1, plate 
37, volume 1, Palaeontology of New York Amer Mus of Natural History, James 
Hall Gollection, Catalogue No 751 

All fisun* X S Photocrapha not rotouohed 


came across T. G. White’s observations on some specimens of unusually 
good preservation from the Trenton limestone near Trenton Falls, 
N. Y. (6, p. 85). The preservation of these specimens is excellent and 
identical in character to that of Hall’s holotype, but they do not, as 
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claimed by White, retain any shell material in its original form nor 
any trace of pearly lustre. The shells retain the minutest details of 
surface ornamentation but are wholly and rather coarsely recrystal- 
lized internally. They do show a sheen, which White seems to have 
mistaken for pearly lustre, but this is caused by the contrast of the 
translucent, recrystallized shell material with the very dark, finely 
crystalline Umestone of the matrix. The coarsely crystalline texture 
of the shells can be seen in fractures and, even better, in polished 
sections. Dr. G. Marshall Kay of Columbia University very kindly 
loaned me all of White’s specimens for study and, indeed, presented 
me with one of them. These specimens were compared carefully with 
the holotype and one of them was removed from the matrix and cleaned 
with a needle to expose the base and the aperture. This specimen was 
photographed, then casts were made to preserve a record of its form 
and finally an axial section was cut. The photographs and a drawing 
from the section are reproduced as Figures la-/ of this paper. 

On the basis of studies of the holotype and the T. G. White speci- 
mens, the species is redcscribcd in the following terms: — 


Holopea symmetrica Hall 


tfoIop«a«vmme(rtea Hall, 1847, Falaeontology of New York 1: 170, pi 37, fig 1 Upper, 
crystalline portions of the Trenton limestone at Middleville, New York White, 1806, 
Trans N Y Acad 8ci 15: 85, Trenton limestone, Trenton Falls, New York Weller, 
1003, Geol Surv. Now Jersey, Paleont 3: 186, pi 12, Hks 26, 27, Trenton limestone, 
Jacksonburft, New Jersey 


Dimensions of A , the Howityps (Fioh 2 a - l ) and 
(Flos I a-f) 


Number of whorls 

Height 

Width 


Ratio of height to width 

Ratio of height of body whorl to total 


Pleural angle 

a on tho - . - — 

b EMimnled on the uaiimptiun that 3 apioal whorb 


nptoal whnrb ar« mbsim 


A T O White Pi.esiottph 


A B 


11 5 mm* 11 0 mm^ 

11 2.5 mm 11 0 mm 

.102 100 
0 70 0 84 

ar 70° 


Moderately small, turbinate gastropods with straight sides, evenly and 
roundly convex whorl profile and deep sutures; the roundness of the whorl 
pro^e cuntinumg unmterruptcdly across the base and into the umbilicus; 
aperture sub-circular; aixrtural margin onlv m contact with the previous 
whorl for a short distance, the ends of the free margins bemg connected by 
a thin, parietal mducturu; outer lip oblique in side view and only very shghtly 
sinuous, inner lip thin, nearly vertical and slightly reflexed; columella nar- 
rowly phaneromphalous; ornamentation, very fine growth lines superimposed 
on irregular and indistinct transverse undulations. The nucleus has not 
been curved. 
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It is curious to note that Hall, in his original description, states 
that the height is much greater than the breadth whereas both the 
holotype and even Hall’s very poor original figure show the height to 
be only very slightly greater than the breadth. Obviously his state- 
ment was founded on a cursory inspection and not on measurements. 
The apparent relative height of a gastropod shell is very deceptive. 

It is unfortunate indeed that the shell structure of none of the 
specimens is preserved, for if it were it seems very probable that it 
would show an internal nacreous layer and confirm the conclusion 
arrived at on other grounds, that the genus should be placed with the 
Troclio-tiirbinidac of Koken, an admittedly composite group of family 
rank used for fossil Trochids and IHirbinids which cannot be further 
distinguished in the light of present knowledge. I would, for the 
present, include in the Trocho-turbinidae, the Trochonematidae 
Zittel in which family Holopea is placed by Koken and Perner (6, 
p. 213), by Cossman (4, p. 19) and by Ulrich (7, p. 1064). There 
appears to be no justification for placing Holopea in the Littorinidae 
as is done by Perner (8, p. 313) and in Zittel’s Textbook. 

In addition to those curators of collections whose kindness in lend- 
ing me specimens has been acknowledged in the text, I am indebted 
to Dr. Ray S. Bassler of the United States National Museum for 
checking certain references not available to me. 
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BOTANY. — Mosses of Northern Gtiatemala and British Honduras.^ 
EnwiN B. Bartram, Bushkill, Pa. 

The mosses listed below were collected by Professor H. H. Bartlett 
during the early months of 1931 in the El Cayo region of western 

> Received July 8, 1032 Thu paper ie baaed (in part) upon collections made in a 
biological survey of the Maya arcs conducted by the University of Michigan in collab- 
oration with the Carnegie Institution of Washington. 
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British Honduras and in the Pet^n district of Guatemala.* The list 
is an especially interesting one as it is the first record of the mosses 
from an area that has been a bryological blank on the map of Central 
America. In a general way the species show a close and very natural 
relation to those known from the State of Vera Cruz and the Yucatan 
peninsula but there are also suggestive connections with well known 
species from the Antilles and northern South America that tend to 
emphasize the interlocking distribution of the mosses of all the regions 
bordering the Caribbean Sea. 

In the following list the numbers followed by the symbol B.H. are 
from the Mountain Pine Rid^ m the vicinity of El Cayo, British 
Honduras while the collections from the limestone areas in the vicinity 
of Uaxactun, Pet6n district, Guatemala, arc followed by the symbol P. 

FISSIDENTACEAE 
Fissideks nETictTLOsos Schp. 12553 P. in part 

Fibsidens leptopodus Card 12155 P , 12545 P , 1255:1 P , m part; 12643 P. 

While these colloctiuna deviate m several mmor particulars from the type 
oollectiun of F, Upiopodus Card the difference.^ do not seem to be Important 
enough to warrant the creation of a new species The Guatemalan plants 
are generally more freely branched with up to 25 or 30 pairs of leaves, the 
leaves are less crispate, rather more bluntly jiointed and the border of the 
dupUcate blades, in the upper leaves, narrower and leas distinct but these 
characters are all subject to some variation within reasonable hmita. Evi- 
dently the species should be placed in the Section Semtltmbidium rather thdn 
in Crenuiana 

Fibsidens garbebi Sull & Lesq 12485 P 

DICRANACEAE 
Campylopus (Palinocraspis) Bartletti sp. nov 

Sterilis. Caespites dcnsi. Cauhs ad 7 cm longus, simplex vel parce ramosus, 
dense tomentosus. Foha 6 mm longa, sicca erccto-appresea, humida patula, 
oblongo-lancoolata, cuncava, in pilum hyalinum dcnticulatum producta; 
margmibus planis, supeme serrata, costa bosi 375a, dorso sulcata, supeme 
serrulata, brevitcr excurrente, auricuUa distinctis; celluhs suprabosiLiribus 
quadratis ad 25/u latis, morginalibiis baud linearibus, cellulis laminae ovnlis 
vel rhomboidahbus. 

Robust plants in dense tufts or mats, bright yellowish green, shghtly glossy. 
Stems procumbent, up to 7 cm. long, flexuosc, simple or dichotomously 
branched above, densely reddish tomentose throughout. Leaves uniformly 
spaced, erect when dry, widely spreading when moist, about 6 mm. long, 
draply concave, oblong-lanceolate, gr^ually narrowed to a slender 

• C/ Habl»y Habbis Bartlett A biolog^aU aurncy of the Maya area Bull Torrey 
Bot Club 89 : 7-20 1032 
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Figure 1 —A-O Ctmpylopui Bartlettl Bsrtr gp nov — A— dry plant X 1 — fl— 
moiet plant X 1 -C — leaf X M — D — apex of leaf X 80 ~E — one aide of leaf baae X 160. 
— P — upper leaf cella and margin X 440 — G — part of croHB-aection of cogta X 440. 

H Leucobri/um albidum forma Bubulifolium, mudifiod leaf X 80 

point; margin erect, coarsely serrate near the apex, entire below; costa about 
375/1 wide below, occupying more than half of the leaf base, excurrent in a 
hyaline, denticulate point about 1 mm long in the upper leaves, ribbed on 
the back and shghtly serrulate near the ai^x, ui cross-section showing a 
median row of large cells with a narrow stereid band on the ventral side and 
a wider band on the dorsal side; alar cells conspicuous, extending to the costa, 
usually with reddish walls, cells of the leaf base, just above the alar group, 
quadrate or short rectangular, up to 25 m wide, smaller but not elongate 
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toward the margins, gradually becommg smaller and oval-rhomboidal up- 
ward, upper cells oval-rhomboidal, 6~7/i wide by 2-3 times as long, distmct 
to the base of the hyaline point. Inflorescense and fruit unknown. 

Type: Pine Ridge, Duck Run, El Cayo District, Bntish Honduras, H. H. 
Bartlett no. 12073, April 24, 1931. 

A very handsome and unique species that naturally suggests a comparison 
with Campylopua Hichardt Brid on account of the costal structure and hya- 
line leaf tips. In C. BarUetti the color, habit, and particularly the large 
quadrate basal ceUs not at all narrowed toward the margins and the shorter 
cells of the upper leaf blade are strikingly distinct and it is very evident 
that the two species have little m common. Tlie basal arcolation of C. 
atwannarwn (C.M.) Mitt, is quite similar but the leaves of this spiecies lack 
the conspicuous h3raline tips. 

It is a privilege to be able to associate Prof. Bartlett’s name with such on 
unusual plant from on area that, heretofore, has been practically unknown 
bryologically. 

Holomitriitm CALYCINUM (Hcdw.) Mitt. 11691 B H. 

Leucoloha Cbitgbrianum (C.M) Jaeg. 11708 B.H , 11721 B H.; 11735 
B.H. 

LEUCOBRYACEAE 

OcTOBiiBPHABUM ALOIDUM Hcdw. 11228 BU , 11692 B n , 12297 P. 

OcTOBLBPHABUU cYtiNDRicuM Schp. c. fr. 12972 B H. 

Mr. Williams credits this species to Jamaica’ on the basis of a single, rather 
dubious specimen. The collection from British Honduras is m perfect fruiting 
condition and confirms the occurrence of the species m North America without 
any question 

OCTOBliEPHARUM PULVINATUM (D & M.) Mitt 12030 BH.) 12810 P. 

Octoblefharum mittenii Jacg 11641 B II. 

In addition to the differences previously mentioned’ this species will be 
distinguished from 0. erectifolium Mitt, by the lamina ceils of the loaf base 
in two layers. The upper part of the loaf, when viewed from either surface, 
shows a distmct median line, 2-4 cells wide, due to the thickening of the leaf 
m this area. 

Leucobbyum ALBiDUM (Bnd ) landb 110:i4 B.H 

Lbucobryum ALBIDUM (Brid ) Lmdb. forma subuhfohum 11690 B.H. , 1 2729 
P Folia Buperiora subulata congesta. 

These two collections represent a iieculiar form with the upper leaves subu- 
late and densely crowded. Collections from Mexico and Costa Rica show 
plants with a similar tendency but not nearly so conspicuous os m 11690 
• N. A Flora 16, part 2. 161. 1913. 

’ Contrib. U. 8 Nat Herb 86, part 3: 72. 1928. 
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where the modiBed upper leaves, which probably serve the purpose of vegetative 
reproduction, arc abundant enough to give the tufts a peculiar silky appear- 
ance entirely foreign to the typical plants. The plants bearing these apical 
clusters of modified leaves are in no way different from the normal plants with 
which they are associated and evidently represent only a mmor variant. 

CALYMPERACEAE 

Syrrhofodon incoufletus Schwaegr. 12031 B //.; 12080 B.ff.; 12260 P.; 
12488 P 

Calymperes lonchophyllum Schwaegr 11738 BB., 12441 P.; 12472 P.; 
12636 P. 

As far as I know this siiccies has never been actually recorded from Central 
America. Prof. Bartlett’s collections are ample and generally well fruited 
so that it would appear that the species is not at all uncommon in this area. 
The plants in the above collections show the leaves uniformly without teniolae 
and rather shorter than average plants from the Antilles and Venezuela but 
the consistently short steins, less than 5 mm , mdioate that they should be 
referred here rather than to C Leoyanum Besch. 

PO'fTIACEAE 

Barbula Cruqeri Sond. 12543 P. 

Deshatodon Garberi Lesq. & James 12541 P. 

FUNARIACEAE 

Fun ARIA CALVBBCENS SchwaegT. 11851 B.TI. 

BRYACEAE 

Buyum andicola Hook. 11898a B H. 

Rhodobryuh Beyrichianum (Hsch.) Par 12004 P.; 12636 P. 

ORTHOTRICHACEAE 

Mackomitkium mucronifolium (Hook. & Grev.) Schwaegr. 12316 P. 
Macromitrium pentastichum C M 11692a B 11 ; 11693 B H. 
Macromitrium ciRRHOsuM (Hedw ) Bnd 11734 B.H. 

ScHLOTHEIMIA MoHRIANA C.M 13047 B II. 

HELICOPHYLLACEAE 

Hblicophyllum torquatum (Hook ) Bnd 13136 B H 
RHACOPILACEAE 

Rhacopilum tomentosum (Hedw) Brid. 12251 P.; 12516 P.; 12646 P.; 
12714 P.; 12710 P.; 12730 P., 12749 P 
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LKUCODONTACEAE 

LEUCODONTOPBtB FLORiDANA (Aust.) E G. Bntt 12044 BH., 13094 B.H. 
Pbbudocryphaba FLAGELUFiaiA (find ) E. G Britt 124g3c P. 

PTEROBRYACFl\E 

Orthobtichofbib tethagona (Hedw.) Broth 11736 B H \ 12324 P,; 
12442 P. 

Pireella CYMBIFOLIA (Sull.) Card. 12472o P , 12493a P 

No. 12493a showH the following sporophytc characters, seta reddish, 
erect, flexuose, 8-10 mm. long, smooth; capsule erect, ovoid-cylindno, brown, 
2-2.25 mm long by 0 5 mm. wide, slightly narrowed at the mouth, spores 
brownish, papillose, 22-25/i m diameter, peristome, hd and calyptra not seen 
(capsules all old and deoperculate) 

Pireella rACHYCiADA (Ren & Card.) (’ard. 122(55 P , 12480 P 

These collections seem to agree perfectly with the description of the type 
collection from Yucatan The following sporuphyte characters are taken 
from several fruiting plants found in no 12480 seta erect, reddish ,'llexuo 80 , 
smooth, 4-5 mm. long, capsule erect, oblong-cyhndnc, up to 2 5 inm. long 
by 0 35 mm. wide, brownish, slightly narrowed alxivo (capsules old and do- 
opcrculate). 

Uixm comparing this siiecies with P Afanae (Card.), of Costa Rica, it 
will be noticed that, in addition to the differences in vegetative characters, 
the size and shape of the respective capsules arc thoroughly distinctive and 
that the setae of P pachyclada are smiKith throughout 

MKTEORIACEAE 

Papillahia niqrebcenb (Hedw ) Jaeg. 12482 P ; 12498 P , in part ; 13046 
RH. - 13047a B /I. 

Meteoriopbis patula (Hedw) Broth 12484 P, 12070 P. ; 12071 P., 
12728 P. 

NECKERACEAE 

Neckeropbis undulata (Pahs) Broth. 12205a P , 124935 P. 
Neckehopsis disticha (Hedw) Fleisch 12462 P.; 13140 B H. 

HOOKERIACEAE 

Callicostella pallida (Hsch ) Jaeg 11845 B II. in part; 12597 P in part; 
12598 P., 12616 P. m part. 

FABRONIACEAE 

Hblicodontium TBNumoBTKB Schwaegr. 13135 B H. 
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THUIDIACEAE 

Haplocladiuh uicrophylluu (Hedw.) Broth. 12816 P. 

Thuidium involvbns (Hedw.) Mitt 12261 P. ; 12266 P. ; 12269 P. ; 12260 P. ; 
12480 P in part, 12498 P m part; 12597 P. 

SEMATOPHYLLACEAE 

Rhaphidorrhynchium 8UBH1MPLBX (Hcdw.) Broth. 11739 B.H. 
Seiiatophylldm caespitobum (Hedw ) Mitt. 13150 P. 

Sbkatophyllum loxense (Hook.) Mitt. 11846 B.H., 11848 BH.; 11847 
B.H. 

Taxithklium planum (Bnd.) Mitt. 11739 B U. in part; 12262 P. in part; 
12272 P. in part; 12490 P. in part, 12462 P. in part; 12616 P. in part; 
12597 P. m part, 12598 P. in part; 12616 P. in part; 12729 P. in part. 

HYPNACEAE 

Vesiculauia amphibola (Spr ) Broth. 12597 P in part. 

Microthamnium thelistequm (C M ) Mitt. 11720 B.H. -, 12262 P.; 12266 
P. in part; 12258 P.; 12259 P. in part, 12272 P ; 12314 P ; 12480 P., 
12498 P., 12499 P , 12517 P., 12539 P.; 12713 P., 12716o P. 

ZOOLCKiY . — The male of the nematode species, Ncotylenchus abulbo- 
flus, Steiner, and its sexual dimorphism.'^ O. Stbinbr anil 
Edna M. liuiinEK, Bureau of Plant Industry. 

The male of the species Neoiylenchus abulbosus Steiner* was not 
known until recently, when a sinKle specimen was found among nu- 
merous larvae and fcmale.s parasitizing a diseased carrot grown in 
Sweden and intercepted at the port of Philadelphia by the Plant 
Quunmtme and Control Administration inspectors. The shape and 
general structure of tlus single spiecimen seem to exclude any other 
relationship than that with the aforementioned species. 

This male is slightly smaller and more slender than the average 
females. The annulation of the cuticle is extremely faint; only on the 
bursa is it more evident (Fig. 1, B). In general, this male somewhat 
resembles that of Tyknehus dipsari, just as there is also a resemblance 
between the mutual females. The front of the head end shows the 8 
sectors typical of the female; likewise, the esophagus has no bulb. 
The most interesting feature, however, is the almost completely van- 
ished spear. As depicted in fig. 1, A only the rodlike cuticularized 

‘ Hpreived July 19, 19.12 

•Stkineb, G Neotylcnrhus abulbosus, ng , n.ip (Tylenchidae, Nemnloda) the 
eautal agent of a new nemalona of vanoiu crop plants This Journal 81 : 536-638 1931 
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supports of the Up region remain of the 
whole apparatus as found in the female 
and the larva. The shaft of the spear, 
the conical point, and also the basal 
knobs have faded; the posterior end is 
faintly marked by the dim outlines of 
protrudor muscles. 

This case seems to be analogous to 
that of Tylenchua aimilis where the male 
also differs from the female and larva 
in the remarkable reduction of the spear. 
Perhaps this obUteration indicates that 
these males cease to feed in the adult 
stage either because they are not func- 
tional (in the case of Neoiylenchus aJml- 
boms (?)) or because they copulate but 
once during their Ufe (perhap.s in 
Tylenchw similia). Both forms arc 
evidently endoparasites of plants. Two 
remarkable larvae of N. abulhoma, 
perhaps males of the preadult stage, 
were recently found in strawberry plants 
from CaUfornia which were affected 
with “yellows” or “xanthosis” and which 
often harbor this nema. Their spear 
had vanished as in the male specimen 
here described, indicating an curly loss 
or even a complete absence of the spear 
also in the larval stages of the male. 

As to the copulatory apparatus, the 
present male displays a well developed 
bursa, reaching from in front of the 
spicula to the taU end, which is pointed 
and set off (Fig. 1, B). No bursal rays 
or ribs were seen. The spicula arc re- 
markably small but very similar in form 
to those of T. dipsaci. An extremely 
small lineate gubernaculum was also 
seen. 



1 — iWrutyUrwhuii ahiU- 
bunua, mule A — Jleail end, rd 
Hup, rodhke HuppiirU, 8 arcl, 8 
Hectors of the heud, pr mar, pro- 
trudor muscles of the spear, op 
oe gl, opening of esophageal 
gland B — Tull end, sp, apicu- 
la, gub, gubernaculum; bra 
bursa, frm, setoff portion of 
tail X about 1070. 
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. - (7) 8.9 M 94.9^^^ 

Measurements: —(^" 2:0 2.6 2.0°'^* 

It may be remarked that Neolylenchus abulbosus shows a close 
resemblance to Hexatylus viviparua of Goodey 1926.* * By corre- 
spondence, Dr. Goodey called attention to this similarity, thereby 
causing a detailed re-examination of our material and indirectly 
the finding of the male specimen. If, as stated in its description, 
Hexaiylua has a head divided into only 6 sectors and a spear with 6 
basal knobs instead of only 3, then Neotylenchua abulbosua and Hexa- 
tylua viviparua are different. The male of Hexaiylua is not known. 

' Goodiy, T Hexaiylua viviparua gen et »p nov , a netnalode found tn a dtaeaied 
potato tuber Jour Helminthol 4 : 27-30 1026 

* Goodiy, T. A further note on Hexaiylua viviparua Goodey, I9t$ Jour Helmin- 
thol 1: 183-184 1920 

ZOOLOGY . — Two new cacomiailea from Mexico, with remarka on the 
genua Jcntinkia.‘ K. W. Nelson, Smithsonian Institution, and 
E, A. Goldm.in, Biological Survey. 

The generic name Jentinkia, proposed by Trouessart (Catal. Mamm., 
Viv. Foss [suppl.], 1904, p. 184) has not been generally accepted for the 
tropiiial caoomistles typified by the animal currently recognized as 
Baaaariacua mmichraati Saussure. Some of the characters of the 
genus have been mentioned by various authors, and the external 
features have been dealt with at some length by Pocock, in a discussion 
of the Procyonidne (Proc. Zool. Soc. London, 1921, pp. 389-422). 
He says (p. 392): “This Cacomistle is sometimes admitted as a sub- 
genus of Baaaariacua. I have provisionally quoted it as a distinct 
genus, the material available being insufficient to establish the absolute 
constancy of the differences in the feet observable between [Baaaana- 
cu«] aatulua and aumichraali." 

A study of fourteen skins and skulls of aumichraati, of ages varying 
from very young to quite old, and over one hundred similar specimens 
of Baaaariacua aatulua leads us to agree with Pocock that Jentinkia 
should be accorded full generic rank. 

Jentinkia compares with Baaaariacua as follows. 

Jentinkia Baaaariacua 

Muzzle and feet distinctly blackish, taU Muzzle and feet grayish; tail 

with light rings becoming obsolescent with hght rmgs distinct 

toward end. throughout its length. 

Pelage finer, softer, and more lax. Pelage coarser and stiffer. 

* Received August 22, 1932, revised September 9, 1932 
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Ears more broadly and evenly roimded 


Second, third, fourth, and fifth digits of 
fore and hind limbs naked on lower 
surface behind digital pads, which are 
narrower, more elongated. 


Claws lunger, more strongly curved, 
more compressed, non-retractde 

Maxillary portion of zygoma placed far- 
ther back, the posterior border in 
plane of second upper molars, or point 
of contact between these and first 
upper molars. 

Foramen ovale opening more directly 
forward. 

CuBjis in large molariform teeth less 
trenchant, more rounded, with lower, 
less prominent connecting ndges 

Upper camoHsial triangular in outline, 
without a postero-mternal cusp 


Posterior lobe of upper carnassial and 
anterior lobe of lower carnassial more 
weakly developed. 


Cutting edges of first and second upper 
incisors, of permanent series, dis- 
tinctly tnfid. 


Ears more narrowly rounded, 
the margins somewhat pro- 
duced antero-extcmally 

Second, third, fourth, and fifth 
digits of fore and hind limbs 
denselv hairy on lower surface 
• behmd and around digital 
pads, which are broader, more 
rounded. 

Claws shorter, straighter, less 
compressed, retractile 

Maxillary portion of zygoma 
placed farther forward, the 
posterior border in plane of 
first upper molars. 


Foramen ovale opening more 
directly downward. 

Cusps in larger moLiriform teeth 
more trenchant, with higher, 
sharper connecting ridges. 

Upper carnassial irregular in 
outline, with a prominent pos- 
tero-intemal cusp. 

Posterior lolie of upper camas- 
sial and anterior lobe of lower 
carnassial more strongly de- 
veloped 

Cutting edges of first and second 
upper incisors, of permanent 
series, normally smooth. 


Jerdinkia inhabits the great forests of tropical Middle America, its range 
meetmg that of Basmmcua along the eastern slopes of the Mexican highlands 
It is much more arboreal in habits than the latter, which is at home along 
cliffs and rocky ledges and spends much time upon the ground. The sharp, 
curved, non-retractile claws of JetUtnkta, adapted for chnging, appear to be 
associated with its arboreal life, while those of liaasarMcus, with cat-like re- 
tractility, are better fitted for progression among rocks. 

The genus comprises a single species which is subdivisible into closely 
allied geographic races as follows: 

JerUtnkia tumierhaati mmichnult (Saussure) . .Mirador, Vera Cruz, Mexico. 
JerUmkia sumtehrasit vanabtlis (Peters) Coban, Guatemala 
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Jentinkia sumichraiti campechansis, subap. nov. Apaaote, Campeche, Mexico. 
Jeniinkta sumichraatt nolinua (Thomas) Boquete, Chiriqui, Panama. 

B[aa«ans] aattUa was first described by Lichtenstein (Abhand. Akad. Wis- 
sensch. Berlm, 1827, p. 110, 1830) m a discussion of the application of names 
of Mexican mammals treated by Hemande* (Rerum Medicarum Novae 
Hispomae Thesaurus, 1651, tract 1 [appendix]). The name appears to be 
based primarily upon a specimen collected by Deppe who worked extensively 
in southeastern Mexico. Reference was also made to the cacomistle of the 
Mexican Indians, currently recognized as Basaanarwi aatutua, which ranges 
as a species throughout the plateau region of Mexico and northward mto the 
United States. In 1831 Lichtenstem (Isis, vol. 24, p. 513) again described 
the animal and assigned it to a “Habitat m Mexico.” In response to an in- 
quiry Dr Hermann Pohle has wntten us that the specimen mentioned was 
received from Deppe in 1826 “aus Mexiko (wohrscheinlich Stadt Mexiko),” 
and mounted with the skull inside still exists as number 1081 in the Berlin 
Museum We regard specimens from the vicimty of the Valley of Mexico 
os typical 

Baaaariacua dUnpes ICUiott (Field Columb Mus , publ. 87, zool ser , vol. 
3, p 268, Dec 1903) was described from a suiglc specimen obtained "near 
Vera Cruz, State of Vera Cruz, Mexico ” The label, however, shows that 
the typo was taken at Xico, which is near Jalapa, Vera Cruz, on the eastern 
slope of the highlands. B albipen is identical with typical B aaluiua 

Western Mexico is inhabited by a smaller subspecies, here desenbed, to- 
gether with a new form of Jenttnkta. 

Jentinkia sumichrasti campechensis, subsp nov 
Campeche Cacomistle 

Type.— From Apazoto (near Yohaltun), central Campeche, Mexico No. 
108^1, d' adult, U. S. National Museum (Biological Survey collection), 
collected by Nelson and Goldman, January 2, 1901. Original No. 14386; X 
catalogue number 10240 

Dtatnbutton. — ^I'ropical lowland forests of the Yucatan Peninsula, probably 
ranging into northern Guatemala and Bntish Honduras 

General characters— Very similar to Jenttnkta sumtchraslt sumtehraatt of 
the mountams of Vera Cruz, but considerably smaller, skull smaller, more 
delicate m structure. Sumlar in color to Jenttnkta sumichraatt variabtlta 
of the mountains of south-central Guatemala, but much smaller. 

Color.— Type- Ground color of upper parts in general buffy grayish ex- 
tensively overlaid with black, the black-tipped hairs most abundant on head, 
nape, and median hne of back; sides of head and face, mcluding muzzle all 
around blackish, interrupted by dull whitish markings over and under eyes; 
under parts and inner surfaces of limbs light ochraceous buff; ears externallv 
brownish black to the distinct white margins, thinly clothed internally with 
whitish hairs; fore and hind feet and toes distinctly blaclosh; tail with five 
grav rings on basal half succeeded by throe obsolescent gray nngs, alternating 
with black rings, becoming clear black above and below toward tip. In other 
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specimens eight or nine gray tail nngs vary m distinctness, tending to become 
invisible toward the end which is always black. A very young individual is 
similar to adults, but the ears are pure white on distal h^. 

Skull. — Similar to that of J. a aumichraatt, but decidedly smaller, less mas* 
sive; rostrum more slender; audital bullae relatively smaller, dentition variable 
but usually hghter. Differing from that of J. a. vart^btlta mainly in much 
smaller size. 

MeaawemerUa.—Type. Total length, 905 mm., tail vertebrae, 500, hind 
foot, 92. An adult male topotype; 863 ; 474; 87. Two adult females from 
La Tuxpefla, Campeche: 891, 880; 459, 455; 82, 77. Skull (type) : Greatest 
length, 00; condylobasal length, 84 7; sygomatic breadth, 50.8; breadth of 
rostrum (over root of canine), 17.6; interorbital breadth, 18.5; upper camne- 
molanform toothrow (alveoli), 32 8; upper carnassial, crown length (outer 
side), 6.7, crown width, 5.2. 

Remarka — Jenltnkta aumtchraalt campecheima is characterized mainly by 
small size. It is an outlying peninsular form, but is contiguous to and doubt- 
less intergrades with both J. a. aumtchraalt and J. a vanabtlta 

Spectmena examined. — Total number, 8, as follows: 

Cautkche: Apazote (type locality), 2, La Tuxpefia, 5. 

Yucatan: Buena Vista Xbac, 1 

Baasariacua astutus consitua, subsp nov. 

Michoacan Cacomistle 

Type. — From La Salada, 40 miles south of Uruapan, Michoacan, Mexico. 
No. 126162, 9 adult, U S. National Museum (Biological Survey collection), 
collected by Nelson and Goldman, March 16, 1903. Original No. 16151. 

Dtairtbulton —Central Michoacan and Jalisco, and northward through 
the Sierra Madre to southern Smaloa, passmg farther north mto Baaaanacua 
aatiUua artzonenata. 

General charnctera — Closely alhed to Basaartacus aalutua aatutua, of the 
vicinity of the Valley of Mexico, but decidedly smaller, pelage shorter; 
general color about the same, but toes of hmd feet gra3nsh, mixed with dusky 
(usually white in aalutua), skull slightly different. Similar in size to B. a. 
flavua of Texas; color much grayer, less ochraceous buff; cranial characters 
distinctive Differing from B. a. artzonenata of Arizona, in considerably larger 
size, and well-marked cranial details; color similar 

Color. —Type- Ground color of upper parts in general buffy grajrish. the 
top of head, middle of neck and back overlaid with black, the dark nairs 
thinning out along sides and over thighs, rump suffused with pale ochraceous 
buff, face, includmg sides of muzzle and cheeks blackish, relieved by whitish 
markings over and under eyes; throat, inner sides of limbs and ingumal region 
white; under side of neck, chrat, and area across abdomen hght buffy, ears 
blMkhJi on basal half externally, becoming silvery gra^sh toward tips, and 
thinly clothed with grayish hairs internally; outer sides of forearms mixed 
buffy grayish and dusky; fore feet buffy grayish; hind feet gra}riBh above, 
mix^ with dusky over metatarsus and toes, the soles blackish posteriorly; 
tail with ei^t alternating black and white rings and a black tip. 

Skull. — Very much like that of B. a. aatulua, but distinctly smialler; brain- 
case relatively narrower; rostrum and frontal region high as in aalutua; den- 
tition about the same Compared with B. a. flavua the skull is of about the 
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same aise but differs m unportant features as follows: Braincase relatively 
narrower, more elongated; frontal r^on higher, lees sloping anteriorly; 
rostrum heavier (broader and deeper). Larger than that of B. a. amonmaia, 
with a higher but relatively narrower frontal region; aygomata more widely 
spreading; bramcase relatively narrower, more elongate, instead of rounded 
and inflate ; rostrum less tapering. 

MeaawemerUa.—Type: Total length, 755 mm.; tail vertebrae, 380; hind 
foot, 78. An adult male topotype: 703 ; 400; 80. Skull (type): Greatest 
length, 82.3; condylobasal length, 78.3, sygomatio breadth, 50.2, breadth of 
rostrum (over root of canine), 15; interorbital breadth, 16 2, upper caninc- 
molanform tooth row (alveoli), 31; upper camassial, crown length (outer sidc^ 
7.2, crown width, 4.8. 


Remarks. — B. a. conatius is more closely related to B. a. astulus than to any 
of the other known forms, although m size it more nearly approaches B. a. 
flams. The specimens available indicate a range extending down from the 
mountains into tropical parts of western Mexico, while typical astulus occupies 
the higher plateau region to the east. 

Specimens examined. — Total number, 8, as follows: 

Jalisco- Ameca, 1; BolafSos, 1; Ocotlan, 2. 

Michoacan: liS Salada (type locality), 3. 

Sinaloa- Plomosas, 1 

ZOOLOGY. — A new pocket mouse from Southern Ansona.^ E. A. 

Goldman, Biological Survey. 

The descriptions of two new subspecies of Perognathus ampins were 
recently published (this Joubnal 22 : 386-388). They were based 
on a study, by the writer, of 68 specimens referable to the species, 
from 20 localities in Arizona. While the paper was in press 23 addi- 
tional examples were received, unexpectedly, from the Tucson region, 
in the southeastern part of the State. These present differential 
characters that seem to warrant the recognition of still another new 
geographic race. The material now available proves that P. amplua, 
known originally from a smgle individual only, ranges throughout 
most parts of the Lower Sonoran Zone in Arizona; but the species 
has not yet been recorded beyond the borders of the State. 

Perognathus omplus taylorl, subsp. nov. 

Ihma Pocket Mouse 

Tyjte —From Santa Rita Range Reserve (near Northeast Station), 36 miles 
south of Tucson, Pima ('ounty, Arizona (altitude about 4,000 feet). No. 
250533, 9 adult, U. S. National Museum (Biological Survey collection), 
collected by Walter P Taylor, August 3, 1930 Onglnal No. 1899. 

Distribution.— Desert region of southern Arizona and probably northern 
Sonora, east of the range of Perognathus ampliu rotundus. 

> Received August 22, 1032 
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Oerural characters.— A Bmall, nchly colored subspeciea, with a delicately 
formed ekuU. Closely allied to Perognathits amplus amplus of central An> 
cona, but smaller and of slenderer proportions, color about the same; 
cranial details, especially the smaller raastoids, distinctive, tad longer than 
head and body, slightly crested near end and tufted as in amplus. Distin- 
guished from P. a. rotundas of southwestern Arizona, by smaller size, 
darker, richer pinkish buffy coloration, and less swollen mastoid Size 
about as in Perognaihus amplus nergracilta of northwestern Arizona, south 
of the Grand Canyon, but color distinctly darker pinkish buff, skull differ- 
ing m detail. 

Color.— Type (ocquirmg fresh pelage): Upper parts near pinkish buff 
(Ridgway, 1912), purest on checks, shoulders, flanks and outer surfaces of 
thiglu, the top of head and back finely Imed with black; under parts, fore 
limbs, and hind feet white, ears pinkish buffy externally, except anterior 
fold which 18 dusky, sparsely clothed internally with blackish hairs, and dis- 
tinctly edged with white near posterior base, tail thinly haired, grayish above, 
whitish below, becoming brownish or dusky on crest and terminal tuft 
Adults in somewhat worn summer pelages are of a deeper, richer color than 
the type, the general tone above between pmkish buff and cinnamon buff 

Sfcuiz.— Similar in general to that of P o amplus, but decidedly smaller; 
mastoids less inflated, the sides more convergent posteriorly (sides more 
nearly parallel, owmg to lateral expansion posteriorly in the type of 
amplus), dentition alwut the same. Sise much smaller than P a. rotundas. 
with mastoids less swollen and not bulging above level of outer borders ot 
parietals os in that form. Similar m size to P. o pergractlts, but frontals 
broader, interparietal narrower; mastoids and dentition about the same. 

Measurements — Type Total length, 156 mm., tail vertebrae, 84; hmd 
foot, 20 Average of 10 adult topotyfies- 140 (123-150), 72 (60-80); 18 7 
(17-20). Skull (type) : Occipitonasal length, 23 5, greatest breadth (across au- 
dital bullae at meatus), 13 7; zygomatic breadth (posteriorly), 12.2, intcror- 
bital breadth, 5 3, length of nasals, 9 2, width of nasals (in front of mcisors), 
2 3; interpanetal, length, 3, width, 3.2; maxillary toothrow (alveoli), 3.4. 

Remarks. — Perognaihus amplus as a species presents a rather unusual range 
of geographic variation in combination of details of form and feature, withm 
a limited area, even for a member of a group so subject to diversification as 
the iKXsket mice While the several races are obviously very closely allied 
the distmetive characters are quite constant. A s[iecimpn from Gila Bend 
IS somewhat larger and in rather pale color indicates gradation toward P. a. 
rotundas The collector found P. a taylon inhabiting the “creosote" (Covilr 
lea mexicana) type of vegetation cover. 

Specimens examined. — Total number, 27, all from Arizona, as follows: 
Casa Grande, Pinal County, 1; Continental (Amado Well, 2 miles south), 
4; GUa Bend, Mancopa County, 1; Gunsight, Pima County, 1; Papago Well 
(O’Neill Hills, 8 miles east), Pima County, 1 ; Range Reserve (35 miles south 
of Tucson), 19. 
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ANATOMY. — Formatio reticularia and reHculospinal tracU, their 
visceral functions and possible relationships to tonicity and clonic 
contractions^ William F. Allen, University of Oregon Medical 
School. 

It is known from embryology that most of the left over cells of the 
brain stem and spinal cord which are not concerned in the formation 
of motor root nuclei and purely sensory relay nuclei are utilized in the 
production of the formatio reticularis. This is a very old structure 
phylogenetically. It is but little differentiated in the lower verte- 
brates, where it apparently serves as an effective mechanism which 
enables these animals to adapt themselves properly to their various 
inside and outside conditions. In the higher vertebrates there is but 
little reticular formation in the spinal cord, but considerable in both 
the median and lateral portions of the medulla, i>ons and midbrain, 
where for the most part it exists anatomically in its original undiffer- 
tiated state. Reticular formation surrounds or partially surrounds 
the sensory nuclei of the thalamus, and when considered phylogeneti- 
cally the nucleus ruber, substantia nigra and other differentiated 
hypothalamic and midbrain nuclei should probably be considered as 
specialized derivatives. 

Afferent fibers to the formatio reticularis: The hypothalamic nuclei 
undoubtedly receive important olfactory, thalamic, basal ganglia, 
cerebral, cerebellar and medullary connections. The nucleus ruber 
and other midbrain nuclei belonging to this system have similar 
connections and should be stimulated by like impulses. Ram6n y 
Cajal has demonstrated many collaterals from the corticospinal fibers 
distributed to the formatio reticularis of the pons and medulla. 
Pavlow, Busacca, Ra8mu.ssen and Le Cocq have found many degen- 
erated fibers in the formatio reticularis of the pons and medulla re- 
sulting from lesions in the colliculi and these degenerated fibers were 
not traceable in the spinal cord below the cervical region. IjC (/Ocq 
has shown that transecting the spinal cord at the 6th. cervical 
vertebra resulted in no chromatolysis in the superior colliculi, wliile 
large lesions in the medulla were followed by many chromatolytic 
cells in the motor area of the superior colliculi. Hence the descending 
tract from the superior colliculus is to be regarded as tectobulbar 
rather than tectospinal. Fibrae fostigiobulbares from the fastigial 
nucleus of the cerebellum have been described by Russel, van 
Gehuchten, Luna, Allen (1924) and Bemis and Spiegel going to Dei- 
ter’s nucleus, where some probably end. A large number, however, 

' ReoeiveU July 6, 1932 
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follow the descending vestibular root fibers to be distributed chiefly 
to the formatio reticularis of the medulla and the median longitudinal 
bundle. Thomas, Probst, Lewandowsky, Wallenberg, van Gehuch- 
ten, von Monakow, Luna and the writer (1924) have called attention 
to a descending brachium conjunctivum, which leaves the main 
brachium conjunctivum immediately after decussation. This tract 
for the most part follows dorsally to the median lemniscus and termi- 
nates in the reticular formation of the pons and medulla. Attention 
is also directed to the possible importance of niunerous branches of the 
brachium conjunctivum to the hypothalamic region. These fibers 
were described by Probst (1901) and confirmed by the writer (1924). 
Van Gehuchten and the writer have found numerous branches of the 
brachium conjunctivum ending in the formatio reticularis of the mid- 
brain and in the oculomotor nuclei. Presumably all of the sensory 
cranial nerve fibers communicate in one way or another with the 
reticular formation. The many vestibular connections to the un- 
differentiated and differentiated formatio reticularis, described by 
Muskens and others, should be of considerable significance. They 
are said to arise from the triangular, Better’s and Bechterew’s nuclei, 
to go by way of the posterior longitudinal bundle, and to be associated 
with forced movements. Muskens desenbes a crossed and an un- 
crossed fasciculus vestibulo-mesencephalicuB to the interstitial and 
posterior commissural nuclei and an uncrossed fasciculus vcstibulo- 
tegmentalis lateralis (and possibly a medialis) to the tegmentum. 
He also describes efferent tracts from the interstitial and posterior 
commissural nuclei to the medulla and spinal cord and suggests 
possible connections from the corpora striata to the posterior com- 
missural nuclei. The writer’s experiments (first paper 1927) indicated 
that fibers from the solitary tract and commissural nuclei (terminal 
nuclei for the sensory fibers of the VII, IX and X cranial nerves) 
do not go directly to the spinal cord, but arc relayed by way of the 
formatio reticularis. 

Efferent fibers from the formatio reticularis: Home of these fibers 
obviously synapse with the various motor root nuclei of the brain 
stem. According to Kohnstamm, Tschermak, von Bechterew, van 
Gehuchten and Papez the descending fibers from the reticular forma- 
tion may or may not cross in the medulla. Van Gehuchten, Probst 
and Papez have described ventral and lateral reticulospinal tracts 
in the spinal cord. The former run in the ventral column and the 
latter approximate the gray in the lateral column. The reticulospinal 
tracts have received some attention as extra pyramidal tracts on 
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account of their cerebral connections. The course of the rubrospinal 
tract in the brain stem and lateral coliimn of the spinal cord is well 
known. 

Possible functions of the formatio reticularis: All physiologists 
agree that the medulla contains centers for altering the rate of the 
pulse and the level of blood pressure. Hanson and Billingsley have 
located vaao constrictor and vaso dilator points in the medulla not 
far from the area postrema. Transecting the spinal curd in the upper 
cervical region greatly reduces arterial pressure for some time. Many 
investigators including Brown-S^quard, Gad and Marinesco, Kohn- 
stamm and others have placed the medullary respiratory center w'ithin 
the limits of the formatio reticularis. Lumsden has located 3 different 
respiratory centers in the medulla and pons, the stimulation of which 
affects respiration differently. Spiegel and Enghoff place the respira- 
tory center in the rhombencephalon. They state that stimulation or 
injury to this center results in the Cheyne-Stoke or Biot type of res- 
piration. Other regions such as corpora quadrigemina, nucleus ruber 
and tegmentum which may produce an arrest of respiration from 
stimulation are considered only as reflex areas. 

Many investigators from Karplus and Kreidl to Beattie have empha- 
sized the importance of certain hypothalamic nuclei as centers for 
visceral and humoral impulses, il^attie thinks this area has both 
sympathetic and parasympathetic centers. The following investiga- 
tions also demonstrate that lower levels of the formatio reticularis 
may have like functions- Spiegel and D6m6triades have observed 
that intestinal movements caused from vestibular stimulations were 
intensified after transecting the midbrain. Ingram, Hanson and 
Hannet obtained pupillary dilation from stimulation of the reticular 
formation of the mesencephalon and pons. The writer (1931) showed 
that the slowed pulse followed by a bigeminal pulse, the rise in blood 
pressure and the arrest of respiration caused from stimulation of the 
trigeminal nerve by insufflation could readily be evoked when the 
brain stem was sectioned below the diencephalon. In addition there 
was probably an increased output of adrenalin. The writer’s work 
(1927 and 1931) indicates that the respiratory and vascular changes 
elicited from stimulation of the cerebral motor cortex and the superior 
colliculus are not conducted within the spinal cord by the pyramidal 
and rubrospinal tracts or by a “tectospinal tract” from the colliculus, 
but by relays to the reticulospinal tract. It was further demonstrated 
(second paper 1927) that the well known rigidity and clonic contrac- 
tions elicited from stimulations of the superior colliculus were depend- 
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ent on the integrity of the median portion of the lateral columns of the 
spinal cord as well as the ventral columns, a region traversed by the 
reticulospinal fibers. 

Possible relationahipa of the formatio reitcularia to the cerebeU/um and 
to muscle tone' In Luciani’s classical experiments of removal of 
one half of the cerebellum, the second stage was described as one of 
marked weakness on the side of the lesion. Ingvar has reported that 
destruction of the anterior lobe of the cerebellum results in a tendency 
for the animal to fall forward, while obliteration of the posterior lobe 
causes the animal to fall backward, and a lesion in one hemisphere is 
followed by a tendency to fall to that side. Miller and J^aughton 
have shown that faradic stimulation of the basal nuclei of the cerebel- 
lum of a decerebrate animal (red nucleus intact) increases the tone of 
the flexor muscles and decreases the tone of the extensors and is fol- 
lowed by a rebound. Several years earlier Bremer obtained similar 
results from stimulation of the palaeo-cerebellar cortex. In addition 
he obtained an alteration of certain rhythmic movements of progres- 
sion which may be present in decerebrate animals. Some unreported 
experiments by the writer have shown that injection of a few drops 
of sodium citrate into the cortex of the cerebellum evokes rigidity 
and clonic contractions of the limbs that arc very similar to the 
convulsions produced from faradio or citrate stimulation of the 
superior colliculus. It has been demonstrated by Magnus and others 
that removal of the cerebellum in a decerebrate rigid animal does not 
alter the tone. This, however, does not necessarily mean that the 
cerebellum is not concerned with or may not alter muscle tone. In 
fact, Sherrington, Loewcnthal and Horaley, Bremer, Miller and 
Banting have shown that weak faradic stimulation of the cortex of 
the vermis (palaeo-cerebellum) m decerebrate rigid animals inhibits 
this rigidity. 

Concerning the two efferent pathways from the cerebellum to the 
formatio reticularis of the brain stem, the brachium conjunctivum 
and its main ascending division to the nucleus ruber and thalamus 
have generally been associated with muscle tone, but its descending 
division and its many endings in the formatio reticularis of the pons 
and medulla have apparently been entirely ignored in this connection. 
This important descending tract may Ix! intact in many decerebrate 
rigid animals. The fastigiobulbar tract has received some consid- 
eration as a muscle tone pathway by Bernis and Spiegel and by Miller 
and Ijaughton. The former also called attention to the importance 
of fibers in the fastigiobulbar bundle that originate from the cortex of 
the vermis. 
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To the writer the afferent connections to the formatio reticularis 
from the cerebrum, colliculi, corpora striata, and especially the 
diverse and extensive connections from the cerebellum suggest that 
considerable portions of the formatio reticularis function as efferent 
centers for tonic impulses. It may be that there are separate areas 
for inhibition as well as for augmentation. The usual explanation 
of the experiment of Magnus, where the decerebrate rigidity which 
resulted from transection of the brain stem below the nucleus ruber did 
not disappear with successive transecting of the medulla caudally 
until a level was reached directly below Deiter’s nucleus, is that this 
section excluded all of Deiter’s nucleus. On the other hand, it might 
be explained that the section below Deiter’s nucleus eliminated all 
or practically all of the connections of the formatio reticularis of the 
brain stem. 

The extensive distribution of the reticular formation through the 
brain stem and spinal cord may be used to good advantage in the 
“summation” and “recruitment” phenomena. 

SUMMARY 

Considerable evidence has accumulated in support of the formatio 
reticularis containing the chief visceral effective centers of the brain 
stem, which if true, would make the reticulospinal tracts the main 
pathways for effective visceral impulses in the spinal cord. There are 
also indications that this system may be associated with tonic impulses 
and clonic contractions. It is not the intention of the writer to 
minimize the importance of the hypothalamic nuclei as visceral motor 
centers, but rather to emphasize other equally important visceral 
effective areas in the formatio reticularis at lower levels. 
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SCIENTIFIC NOTES AND NEWS 

Fbedebick Bates, Chief of the Polarimetrio Section of the Bureau of 
Standards, has recently returned from a tour of European laboratories. He 
was elected President of the International Commission for Uniform Methods 
of Sugar Analysis which was reconvened at Amsterdam, Holland, the week of 
September 5th, 1032. Approximately 50 delegates were present. P^ti- 
caily all of the major countries interested in soientifle development were 
represented. A number of important international anoNnents on methods 
of scientific procedure wore obtained and plans laid for much additional 
research through mtemational cooperation. 

CuBTiB P. Clausen of the Bureau of Entomology, formerly in charge of 
research work on parasites of the citrus black fly at Kuala Lumpur, Federated 
Mfldav States, has been transferred to AVashmgton. In his new assignment, 
he wiU coordinate the work of the Bureau and cooperating States on the study, 
breeding, importation, .and distribution of beneficial insects. 

A S. Hitchcock, custodian of grassra m the U. 8. National Museum, has 
been elected a corresponding member of the Argentine Scientific Society. 

Georog W. Littlehaleb, head of the division of research of the Hydro- 
graphic Office of the Navy, has been retired from active duty under the 
provisions of the economy bill after fortynseven years of service 

Henrv S Wawiinoi'ON, petrologist of the Geophysical Laboratory, 
Carnegie Institution of Washington, has been elected an honorary member 
of the Mineralogical Society, Ixindon. 

The 1932 directory of the Academy and afiiliated societies has just come from 
the press Smgle copies may be purchased from the Treasurer, H G. Avers, 
Coast and Geodetic Survey, at a cost of 35 cents 



Irwin G. Priest, chief of the colorimetry section of the Bureau of Stand- 
ards, died suddenly on July 19, 1932. He was bom near Loudonville, Ohio, 
on January 26, 1880. Graduating in 1907 from the Ohio State Umvendty, 
he come to the Bureau of Standards ns a personal assistant to the dirNtor 
In 1913 he was mode chief of the colorimetry section. Much of the theoiy of 
interpreting spectrophotometnc data m terms of dominant wave-lengths, 
punty, and bnghtness is due to hun. 

Mr. Priest was a fellow of the American Physical Society and the Ameri- 
can Assocuition for the Advancement uf Science, a member of the Optic^ 
Society of Amenoa, the Ainencan Psychological Association, the Washington 
Academy of Sciences and the Philosophical Society of Washington. He 
served as secretary (1921-24) and president (1928-29) ofthe Optical Society. 
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PALEOBOTANY. — Megatporea ascribed to Selaginellitea, from the 
Upper Cretaceous coals of Western OreenUmd.'^ Ernest Lavon 
Miner. (Communicated by H. H. Bartlett.) 

In this paper are described the most outstanding types of mega- 
spores recovered from the samples of Upper Cretaceous Greenland 
coal, which were collected by Mr. Carl O. Erlanson in 1928. Dr. 
C. A. Arnold (1) made a preliminary examination and a brief report 
on these coals, and suggested that a more detailed investigation be 
undertaken by the writer. 

The specimens from which spores were obtained came from two 
localities, Patoot on the southeast coast of the Nugsuaks Peninsula 
at an elevation of 165 meters and Skansen on the east coast of Disko 
Island, two miles inland, at an altitude of 140 meters. 

The coal beds of West Greenland range in age, without stratigraphic 
break, from Lower Cretaceous to Miocene. The coal layers are 
lenticular, varying in thickness from a few inches to several feet, and 
are interbedded between sandstone and shale (Ball 2; B0ggild 3, 4). 
The age of the coal from the localities under consideration appears to 
be Upper Cretaceous, since Heer (7, 8) recognized the Patoot series as 
having an Upper Cretaceous fiora. White and Schuchert (12) give 
this series as extending up to about 2,000 feet above sea level. At 
Skansen, Seward (10), the most recent paleobotanist to study the 
fossil plwt beds of Western Greenland, found Cretaceous strata at a 
height of 1,900 feet. The collections from Patoot and Skansen were 
at about 532 and 460 feet respectively, thus bringing these two locali- 
ties well within the boundaries of the Upper Cretaceous. 

‘ Fapen from the Department of Botany of the Univenity of Michigan, No. 305. 
Received August 8, 1032. 
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Technique 

The coal was macerated in bulk by soaking it in dilute nitric acid 
for a considerable length of time. After this treatment it was washed 
in water to remove the acid and then placed into a dilute sodium 
hydroxide solution until the maceration was complete. The resulting 
brown liquid was washed out and the residue examined under a binoc- 
ular microscope. 

The isolated plant fragments were treated for a short time in hot 
dilute nitric acid and potassium chlorate followed by hot dilute alkali. 
This second treatment with the hot acid and alkali helps to clear up 
and remove any debris adhering to the surface of the specimens. The 
material was transferred from water to 95% alcohol, and then mounted 
on a slide in “cuparal.” This method of moimting in “euparal” is 
similar to the formalin glycerine-jelly method mentioned by Harris 
(6) and is as follows: 

1. Place the material in 95% alcohol for at least .30 minutes. 

2. Transfer the specimens to the slide directly from 95% alcohol. 

3. Draw off the 95% alcohol with filter paper or some other absorbent 
and add several drops of absolute alcohol. Let this stand for about a 
minute. 

4. Draw off only enough absolute alcohol so that the specimens 
still remain moist and add enough “euparal” to form a thin coating 
over them. 

5. Arrange the specimens on the slide. 

6. Set the slide aside until the “euparal” sets sufficiently to hold 
the objects in place. This can be tested by running the point of a 
dissecting needle through the “euparal” If it has set, the needle 
will leave a white streak. The slide should be placed under cover to 
exclude particles of dust. 

7. Add a drop or two more of “euparal ' and place the cover glass. 

This process makes a good permanent mount in which a large 

number of small plant fragments can be arranged systematically 
without having the specimens drift towards the edges of the coverslip 
as it is applied. 

The Meoaspores 

The spores are very variable in size but each type defined shows no 
differences in structure. There appears to be a gradual increase in 
diameter from the smallest to the largest. Pfeiffer (9) shows that 
in the genus Isoetea the megasporcs in general vary between 250 and 
900 n, with a much smaller range in the individual species. Variation 
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in some species amounts to as much as 310 n, but the average variation 
for a species is around 100 /i or less. In the genus Selaginella there 
also occurs a great difference in the size of the megaspores within a 
species. Inequality in size of spores because of variation in megaspore 
number is shown by Duerden (5) to be common in certain species of 
SelagineUa, and Van Eseltine (11) finds that very often one megaspore 
of the tetrad develops at the expense of the other three, which are 
then very much dwarfed. In a study of the megaspores of Selaginella, 
I also find a great variation of spore size within a species, the largest 
spores sometimes being twice as large as the smallest ones, with many 
intergradatlons. 

In Isoeiea and Selaginella the spores formed in tetrahedral groups 
usually have three commissural ridges (the “triradiate marks”) on 
their inner face. These ridges extend from the apex of the inner face 
to an equatorial ridge which separates the inner and outer faces. In 
Selaginella a raised equatorial ring is not always present or evident. 
When megaspores are formed, from diads instead of tetrads the com- 
missural ridges are absent. The surface of the spores may be either 
plain, rugose, spinose, tubcrculate or reticulate wholly or in part. 
The sculpturing and appendages on the surface of the spores provide 
good diagnostic features. 

Since the structures which bore the fossil spores are unknown it is 
impossible to determine accurately relationships to living plants, but 
since the markings and structures suggest a very close affinity to the 
Selaginellaceae, it seems very appropriate to place them in the form 
genus Selaginellites. SelagineUites was first instituted by Zeillcr (13) 
for specimens from the cod basin of Blanzy, which appeared to differ 
from Selaginella in having more than four megaspores in each mega- 
sporangium. Zeiller’s distinction does not hold true when considered 
in the light of the work of Duerden (5) who finds the megaspore num- 
ber per megasporangium rangmg from one to 42 for some species of 
Selaginella. The name SelagineUites has been restricted to those 
species which are known to be heterosporous. The genus Lycopodilee 
of Brongnuirt is used in a more comprehensive sense to include all 
forms which are not known to be heterosporous, but it seems ns 
though it should be restricted for those homosporous forms that show 
Lycopodium characters. SelagineUites as used here includes those 
fossil forms which have Selaginella-like characteristics, i.e., are hetero- 
sporous. 

The measurements given for the size of the spores should be inter- 
preted as the range observed in a few clearly conspecific specimens and 
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not as the absolute limits, which can be established only by the exam- 
ination of much more material. 

Selaglnellitei erlansonll sp. nov. 

Body of exine round, 465-1,000 m in diameter, the mean being 690 m! 
exine reticulate with irregular diaphanous appendages, 17-122 a in width, 
giAnng the spore a total diameter of 500-1,1^ a ^th the mean at 790 a; 
no commissural ridges or clefts visible.— Skansen, east coast of Disko Island, 
Greenland, two miles inland at altitude of 140 meters; Upper Cretaceous. 
Figures 1-3. This spore is seemingly quite abundant, but fragments of it 
are recovered more often than perfect specimens. The spores are dark brown 
or black and very opaque and this may help to account for the apparent lack 
of the tnradiate markings. In Arnold’s paper (1) this spore typo is shown on 
Plate III, Figure 2. This species is named in honor of Mr. Carl O. Erlanson, 
the collector of the coal from which it was recovered, who was botanist on the 
second Greenland Expedition of the University of Michigan. 

Selaginellites papiUosua sp. nov. 

Body of cxme round, 648-747 m iu diameter; triradiate clefts extending 
about two thirds of the distance to the periphery; exine covered with nu- 
merous manrulliform papillae, hemispheric or higher than broad, with apex 
rounded. — Skansen, east coast of Di^o Island, Greenland, two miles ml^d 
at altitude of 140 meters; Upper Cretaceous. Figure 9. This spore type 
was very rare. 

SelaglnelUtes amoldli sp nov. 

Body of exine round, 465-614 a m diameter, average diameter 570 a; 
tnradiate marks extending over half the distance to periphery, body invest^ 
with numerous closely set vermiform papillae, 7-21 a wide and 38-70 a long, 
sides parallel, apex rounded. — Skansen, cast coast of Disko Island, Green- 
land; two miles inland at altitude of 140 meters, Upper Cretaceoua Figures 
22-26. Patoot, southeast coast of Nugsuaks Pemnsula, Greenland, at 166 
meters; Upper Cretaceous. This species was rather uncommon but not rare. 
It IS figured by Arnold (1) on Plate IV, Figure 6. The spores are very in- 
teresting because of the peculiar appendages which invest the exine. The 
tnradiate markings appear as fine hues. 

Selaginellites greenlandicus sp. nov. 

Body of exine round, 515-698 a in diameter, the mean about 595 >i, trira- 
diate clefts reachmg half to two-thirds of the distance to the penphery; 
covered with finger-likc appendages, 17-28 m wide and 17-44 m long, with 
sides nearly parallel, and apex rounded or blunt, usually somewhat distantly 
set. — Skansen, east coast of Disko Island, Greenland, two miles inland at 
altitude of 140 meters. Upper Cretaceous. Figures 10, 11. This spore was 
about equal in abundance to S. artioldti. 

SelaginelliteB echiiutus sp. nov. 

Body of exine round, 349-400 n in diameter; tnradiate clefts extending 
about two thirds of the distance to the penphery; exine covered with echi- 
nate appendages, tapenng to an acute point, strai^t or somewhat curved. — 
Skansen, cast coast of Disko Island, Greenland; two miles inland at altitude 
of 140 meters; Upper Cretaceous. Figure 6. This form was as rare in the 




Figa 1, 2 — StlagirmlUtct erlarmofitt. Large apecunene ahowing the rctirulationa 
with the irregular diaphaDuua appendagea X 3B Fig 3 — <!>' frlanaomi A Hmall 
specimen show ing the reticuiationa with a leas eouapicuoua irregular diaphanous append- 
age X 60 Figa 4, fi — S rotundua. This show a the range in size of the apores, with 
the well defined triradiate markings and thick exine X 60 Fig 6 — fi echxnniua A 
perfect apecimen, with the triradiate markings. X 60 Figs 7, 8. — S. tnomalua. A 
large and an average aixed spore showing the triradiate marks. X 60 Fig. 0. — S. 
papiUoaiM. An excellent aperunen ahowring the triradiate markings X 60 Fige 10, 
11 — S. ffreenlandieua J-^rge apecimens showing the characteristic appendagea and the 
triradiate markings X 60 
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Fir 12 — Selaginelliles borecUia A email spore in a very wrinkled eondition, but 
showing the triradinte markinRS and a portion of the equatorial w ini; X 90 Firs 13, 
14 , — borealis Excellent spccuneiui sbowinR the spore body and the almost complete 
equatorial winR. X 00 Fig 15 — S borealis A somewhat wrinkled specimen showing 
the extent of the triradiate marks and a portion of the w ing X 00 Fig 10 — S borealis 
A MiMcunen with the wing missing, but showing the triradiate marks extending beyond 
the periphery of the spore body X 00 Figs 17,18 — S borealis Bpecimens showing 
only a small portion of the equatorial wing on the radii of the triradiate marks X 00 
Fig 19.- S borealis A specimen consisting of only the inner face of a spore, showing 
the triradiate markings and the inconspicuous reticulations X 00. Fig 20 — 8 
borealis. A somewhat wTinkled specimen, from w’hich the equatorial wing has been 
broken, showing only the spiore body. X 00. Fig 21 — S borealis A specimen some- 
what flattened laterally showing the triradiate markings extending a little beyond 
the periphery of the spore X 00. 
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SelaginelUtes borealis sp. nov. 

Body of exme practically round, 266-350 n in diameter; equatorial wing 
50-83 M wide on the radii of the tniadiate markings, and 16^ fi in between, 
making the total diameter of the spore 332^80 n; triradiate markings ex- 
tending to the periphery of the wing, irregular reticulations present but not 
conspicuous. — Skansen, east coast of Disko Island, Qreenliuid; two milcfl 



Figs 22-25 —Srlof/inelli Us arnohlu Exofllent aijecuncnn shoning the peculiar 
vermiform papillae w hich cover the apore. The triradiatc murka ahow aa fiuc lilack lines 
ID Figs. 22, 23 X no. 

inland at altitude of 140 meters, Upper (.'relaccous. Figures 13-21. 
Patoot, south coast of the Nugsuaks Pemnsula, at altitude of 165 meters, 
Greenland; Upper Cretaceous. Figure 12. This spore type is figured by 
Arnold (1) on Plate IV, Figure 1. It was more abundant in the coal from 
S^nsen, than in that from Patoot. The exme of this species seems to bo 
qmte thin and delicate as in many instances the spores are very wnnklod 
and the wing is broken or missing. 


Figs. 28, 27, 31 — Seloffintlhlet aru»dnae SpeoimeDB Bhowing the tangled and 
matted condition of the thread-like appendagea X 97. Fig 28-^. ortadiuM. A 
spore from which part of the appendages nere removed so as to show the long thin 
appendages, with the broader funnel-form base X 97 Fig. W.—S. oriodnae 
specimen from which the appendages and a portion of the wall were removed so as 
show the triradiate clefts. X 97. Fig 30 — anadnae A view of the outer face of a 
spore showing the distribution, arrangement, and attachment of the appendages. X 97. 
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SeUglnellites inomatos sp. nov. 

Body of exine round, 200-664 m in diametor, the mean being 440 a; exine 
smooth, 5-18 n thick; triradiate clefts extending a third to a half of the dis- 
tance to the periphery, clefts dightly margmed.— Skansen, east coast of 
Disko Island, Greenland; two miles imand at altitude of 140 meters; Upper 
Cretaceous. Figures 7, 8. This spore was the next most abunduit Skag%nd- 
Utes, but was found generally in a broken or damaged condition. 

SeUginellites subrotundus sp. nov. 

Body of exine rounded-subdeltoid, 432-698 ii m diameter, the average 
being near 606 ti, exine 30-40 n thick; tnradiate clefts with somewhat thick- 
ened margins, extending two thirds or more of the distance to the penphery; 
exme smooth. — Skansen, east coast of Disko Island, Greenland; two milra 
inland at altitude of 140 meters; Upper Cretaceous. Figures 4, 6. Al- 
though not as abundant as S. inornatus this spore was generally recovered 
in excellent condition. This may be because of its very thick exine. It 
resembles the former species very much, but dilTers in the thicker exine, 
larger size, and more deltoid shape. 

Selaginellites ariadnae sp. nov. 

Body of exine round, 160-316 a in diameter, the mean being 233 it; tnra- 
diate clefts extending over half the distance to the penphery; body invested 
with 8-16 thread-like appendages, 3-4 m in width, few to several times the 
diameter of the spore in length, base broad and funnel-form, apex blunt or 
rounded. — Skansen, east coast of Disko Island, Greenland, two miles inland 
at altitude of 140 meters; Upper Cretaceous. Figures 26-31. This is the 
predominating spore type recovered from the coal. It is usually entangled 
by the thread-like appendages, which sometimes completely hide the spore. 
It is only after untangling and straightening out the appendages that the real 
structure of the spore can be seen. The number of visible appendages de- 
pends upon the plane in which the spore was flattened, the fewest number 
being on the inner face of the spore. 
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PALEONTOLOGY".— .\ntiIlophyllia, a new coral generic rtame^ 
Thomab'Waylanu Vaughan, Scripps Institution of Oceanography. 

The genus AntiUophylha may be defiued ns follows: 

Corallum simple, turbinate, compressed turbinate, bilobnte, or sub-comute 
in form, allachcd at least in the earliest stAges, pedicel minute or moderately 
large. PAtemally invested by a more or leas complete, detachable cpitheca. 
Costae distinct, moderately prominent, siiliequal or equal in size, margins 
with very regular, usually transversely compressed dentations, ^pta 
numerous, with minutely dentate margins, the dentations frequently (if not 
always) papilliform in character. Margins of the larger septa divided by a 
sinus into an inner and outer lolie, the inner very narrow in the constneted 
portion of bilobate calices Septal faces with fine oppiosed stnations, along 
whose courses arc gnmulations 1'hc stnations are finer on the inner than 
on the outer septal lobe Columella not greatly developed, compressed in 
the plane of the greater diameter of the calicc, vesicular Dissepimental 
cndothoca very abundant, exothcca frequently well developed, sometimes 
forming a wall outside of an inner wall which onginates by the thickening of 
the sides of the septa 

Type species — AntiUia lomdaleta Duncan from the Miocene of the Domini- 
can liepubhe. 

P. Martin Dunonn (1864, p. 28) proposed the name Anlillia and 
included in it four species, viz., MonilivaUia ponderosa Duncan (not 
Milne Edwards and Haime), AtUillia dentata Duncan, A. lonsdaleia 
Duncan, and A. bilobata Duncan. He later added another siiecies, 
A. walk (Duncan and Wall, 1865, p. 11). These five species represent 
two systematic groups of corals, one of which has coarsely dentate 
septal margins, contains the species wrongly identified us Montlivaultia 
ponderosa M. Edw. and Haime and Anhllm dentaia Duncan. It is 
related to the mussoid corals. The other group has septa with finely 
dentate margins and to it belong A. lonsdaleia, A. bilobata, and A. 
walli, all described by Duncan. 

There was confusion at the start Not only did Duncan include 
tw'o different genera under Anhllia when he first projiosed the name, 
but he made a double misidentification of speru\s. Comparison of 
photographs of the type of Montlivaulha ponderosa M. Edwards and 
Haime kindly sent me from the Museum of Natural History in 

‘ Received August 16, 1932 
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Paris shows that Duncan’s MonUivallia ponderoaa from the Miocene 
of Bowden, Jamaica, is not Montlivaultia ponderoaa Milne Eklwards 
and Haime. I undertook to correct this error by naming the Bowden, 
Jamaica, species AntUlia gregoni (Vaughan, 1901, p. 6). The speci- 
mens from the '‘Nivaj4 Shale,” Dominican Republic, identified by 
Duncan as “AnltUia ponderoaa" is, as shown by an examination of the 
specimen studied by Duncan, not the same species as the Bowden 
"ArdiUia ponderoaa," but is Duncan’s Antillia deniata from the 
Dominican Republic. Duncan’s Antdha ponderoaa, therefore, in- 
cluded two species, neither one of which was Montlivaultia ponderoaa 
M. Edwards and Haime. 

J. W. Gregory (1S95, p. 266) wrote as follows: 

"The inclusion in the list of synonyms of a species which Duncan assigned 
to AnltUta renders necessaiy a remark on this genus, and on the value of the 
epitheca m this group. The genus was founded by Duncan in 1664; he 
included in it n senes of species agreeing in having an essential columella and a 
membraniform epitheca. The septa and costae are of two types; m some 
species, as m his type-species A ponderom, the septa arc not lobed and the 
costae are coarsely dentate, in other species, such as A lonadaleia, the septa 
are lobed and the costae finely granulate. In his ‘Revision’ (p 60) he reduces 
the genus to a subgenus of Circophyllia, and still bases its value on the 
epitheca 

The examination of a considerable senes of specimens shows, however, 
that the epitheca is so very vanable in this group that it does not appear 
worthy of even subgenenc value, the characters of the septa and costae seem 
much more important. In some specimens the epitheca is present and in 
others, quite rudimentary, and all stages can be seen between the two condi- 
tions. In this cose the genua has to be split up into two Duncan’s type 
goes into Ltlhophyllta, and the A. hnsdakta and some others go into Ctr- 
cophyllta ” 

In 1901 I wrote (Vaughan, 1901, p. 6): 

"I am not sure that these two species (Lithophylha lacera (Pallas) and L. 
cubenste (M E<lw. <fc H ) are really distinct, however, I am sure that Aniil- 
ha ponderoaa Duncan («on-Milne Eilwards and Haime) is a distinct species 
and does not belong in the synonymy of L cubensia. As Duncan wrongly 
identified the species with Milne Inwards and Haimc’s MorUltmultta ponde- 
roaa, it has no name. Therefore I propose to call it Antillia gregoni, nom. 
nov.” 

The type species of Antillia is Antillia gregoni Vaughan, which is, 
as has ^en stated, Duncan’s Antillia ponderoaa, not Montlivaultia 
ponderoaa Milne Edwards and Haime. 

Reuss (1860, p. 216, pi. 1, figs. 10-12, pi. 2, fig. 10) described the 
genus Syzygophylha from the eastern Hungarian Miocene. The tjqje 
species is S. brevis Reuss (Vaughan, 1919, p. 424). Antillia Duncan, 
1864, is a synonym of Syzygophylha Reuse, 1860. 
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A few notes will be made on Circophyllia. Filliozat (1014, pp. 96" 
07) has said: 

“Groce k la gmnde complaiBonce de M. le Profeeseur Joubin, j’ai eu depuis 
I’oooasion d’examiner attentivement au Museum les 4chantillons de Ctrco- 
phyllta trunaUa de la collection Milne Edwards. Je puis alors constater que la 
dispose dea auteura pr^ntait des lacunea de la plus haute importance et 
que mes specimens de la fenne dea Bovea, k Fames, d^nta soua le nom de 
Feltxopaammta arcuata [Filliozat, 1010, p. 804, pi. 14, figs. 7-11] devaient 
etre identifife & Ctrcophyllxa iruncata E. H.” 

From FilUozat’s restudy of the type-species of Circophyllia, it is 
evident that none of the corals placed in Antilha by Duncan can be 
referred to Circophyllia, which is an Eupsammid genus. Duncan’s 
ArUiUm Umadaleia, A. bilobata, and A. wcUli are, therefore, without a 
proper generic designation. 

I must now confess my own sins. Notwithstanding that it was 
known to me that the name AntiUia was invalid, I applied it to species 
of corals as follows: ArUiUia dubia (Duncan) and A. btlobata Duncan 
(Vaughan, 1021, p. 115), A. bilohata Duncan {idem, p. 127), A. 
dominicenais Vaughan {idem, p. 152), A. bilobata Duncan and A, 
VHiUi Duncan (idem, p. 157), Antilha dxnninkerme Vaughan (Vaughan 
and Hoffmeister, 1925, p. 324, pi. 3, fig. 9, pi. 4, figs. 1, 2, which are 
upside down), and A. eawkinai Vaughan (Vaughan and Hoffmeister, 
1926, p. 118, pi. 2, figs. 6, 6a). 

I should accept responsibility for the misuse of the name by Hoff- 
mcister (Vaughan and Hoffmeister, 1926, p. 119, pi. 2, figs. 7, 7a, S, 
8a) in his AnlUlia buUbrooki and by Faustino ^927, p. 152, pi. 37, 
figs. 2, 3) in his designation of AntMia conatricta Brueg. A. conatricla 
does not belong to the mussoid corals. 

It is also probable that I misled Yabe and Sugiyama in their use of 
the name Antilha. 

I shall not undertake a complete revbion of the species that have 
been confused under Anhlha, but 1 shall list the American species, 
the generic identification of which seems certain, and comments will 
be made on a few other species. 

The species which belong to Antilha as represented by the type- 
sfkecies, but which are now referred to Syzygophylha, because that is 
the older name, are as follows: 

Syzygophylha gregorii (Vaughan) 
dentala (Duncan) 
hayeei (Vaughan) 

The American Miocene species which have been referred to AntiUia 
and which are now placed in the genus AniiUophyUxa are as follows: 
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AntiUophyllia lonsdaleia (Duncan) genotype 
bilobata (Duncan) 
tPoZK (Duncan) 

dubia (Duncan) (described as Flabellum) 
dominicemia (Vaughan) 
aawktnai (Vaughan) 
hulUn-ooki (Hoffmcister) 
ponderoaa (M. Edw. and H.) 

I am in doubt regarding Anitllia explanaia Pourtales, a Recent 
Barbadian species. 

A few Indo-Pacihc living species which obviously belong to Antil- 
lophyUia are A. geoffroyi (Audouin), A. conatrida (Brucg.), A. ainuala 
(Gardiner), and A.flabelliformta (Yabe and Sugiyama). 

Yabe and Sugiyama (1931) repeated Duncan’s error in their treat- 
ment of AntiUia, but I have already stated that I may be at least 
partly to blame for their confusion. A. conatrida Brueg. and A. 
flabeUiformia Yabe and Sugiyama clearly belong to ArUillophyllia, and 
A. duncani Yabe and Sugiyama probably does. But ArUillia japonica 
Yabe and Sugiyama and A, nomaensia Yabe and Sugiyama are mua- 
soid corals and do not belong to the same genus as the other species. 
The last mentioned two species do not appear to be referable to 
Syzygophyllia but look as if they probably represent the young stages 
of one or more species of mussoid corals which are compound in the 
adult stages. 


LITERATURE CITED 

Duncan, P Martin On the fossil corals of the West Indian Islands, yt t. Quart. 

Joum Oeol. Soc. London, 80: 20-U, pis 2-S 
Duncan, P. Martin and Wall, G P 1866 A notice of the geology of Jamaica, espe~ 
eially tn(6 reference to the District of Clarenden, icith descriptions of the Cretaceous, 
Eocene, and Miocene corals of the Islands Quart Journ Gool 1^. London, 81: 
1-16, pta. 1 and 2. 

Faustino, L. a. 1927. Recent Madreporana of the Philippine Islands. Philip Ida 
Bur. Sci , Mon. 88: 310, pi 100 

Filuoiat, Marius. 1910 Types nouveaus de polypiers Itochne. G6ol. Soc. France 
Bull., 4e a6r , 10: 801-806, pi. 16 

Filuoiat, Marios. 1014. Sur le genre Circophyllia Milne Edvards et Hatme, 1848. 
Geol. Soc. France, C R , 10: 96-97 

Qrsuort, J. W. 1806. Contributions to the paleontology and physical geology of the W«( 
Indies. Quart Journ Qeol Soc London 61: 256-310, pi 11. 

Rbubr, a. E 1860. Die mannen Terlidrschichten Bhhmens u ifcre Versteinerungen. 

Sits-Ber. Math. a. K Akad. Wisa Wien 39: 207. 

Vaughan, T. Watland. 1901. Some fossil corals from the elevated reefs of Curagao, 
Arube and Bonaire. Geol. Reicha Mua., Leiden, Samml., Ser 2, 8; Hft. 1: 01. 



610 JOURNAL OF THE WASHINGTON ACADBHY OF SCIENCES VOL. 22, NO. 18, 19 


Vauohan, T. WatlaMo 1019 Foinl coral* from Cenfral Amenea, Cvba, and Porto 
Rico, mth an account of Ike American Tertiary, Pleialocene, and Recent coral reef*. 

U S N»t. Mua. Bull lOS: 180^24, pla. 68-162. 
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PALEONTOLOGY. — A new apedea of Lepidocyclina /rom the Panama 
Canal Zone.^ Thomas Watland Vaughan, Scripps Institution 
of Oceanography, and W. Storrs Cole, Ohio State University. 

The species described below was picked out of material collected by 
Prof. R. W. Chaney for the senior author in the Panama Canal Zone, 
at a locality formerly known as Bohio Ridge Switch. The locality is 
the same as no. 6025 of the Vaughan and MacDonald collections made 
in 1911 (See MacDonald, 1919, p. 540, and pi. 154). 

Lepidocyclina (Lepidocyclms) pancanalis Vaughan and Cole, n. sp. 

Figs. 1 -9. 

Test small, lenticular, relatively inflated, slope from central area to maigin 
nearly uniform, without or with a very narrow marginal flange. Cuthne m 
plan subcircular or faintly polygonal Une vaguely hexagonal specimen has 
obscure radii at the edge (Fig. 6). The ornamentation is of two intergroding 
kinds On some specimens there are over the center of the test small papillae 
which are about 130 p in diameter, as shown on Figures 1-4, 6 On other 
specimens the papillae are larger and tend to fuse The latter kmd of orna- 
mentation grades into costulation of the apx, such as is represented by Fig- 
ure 5 Although four flattish costae, with intervcmng depressed areas, are 
shown on the apex of this specimen, the costulation is indefinite. A specimen 
not figured has an apical, central, coarse papilla, with smaller papillae and 
faint oostules around it Over the centera of some specimens. Figs. 1 and 2, 
there are slight depressions. It seems that no two specimens are exactly 
alike. The foregoing notes are based on seven specimens, six of which are 
figured. 

The diameter of megalosphenc specimens ranges from 1.5 to 2.0 mm. and - 
the thickness through the center ranges from 0.75 to 1.0 mm. Ratio of diam- 
eter to thickness, about two to one. 

There are two subcqual, small, embryonic chamliers which are divided 
by a straight wall. The length of the two chambers is about 185 p; width, 
about 145 m; thickness of wall, about 25 p. 

The equatorial chambers are of three intergrading kinds. Most of the 
chambers have curved outer and convci^g inner walls, some of them are 

> Received August 10, 1932. 
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diamond Bhsped; those nearest the periphery are nearly hexagonal or of 
short spatulate form. The ohambers near the center have a transverse 
diameter of 35 to 45 ju and a radial diameter of 30 to 40 n; those near the pe> 
npheiy have a transverse diameter of about 50 n and a radial diameter of 
about 60 (i. Near the center the height w about 30 n. The height increases 
very gradually toward the periphery where it is about 55 n. The chambers 
are connected by stolons, the opemngs for which are about 7 /i m cUameter. 
They are shown in the vertical illustrated by Figure 8. 

The lateral chambers form regular tiers 'rhere are about 10 m a tier on 
each side of the equatorial layer over the center Outward, the number m a 
tier regularly decreases toward the periphery where there is only one layer on 
each side of the equatorial layer. Just over the embryonic apparatus the 
height 18 about 20 n and the length about 40 n. There is mcrease in size 
outward until at the periphery over the central area the height is about 40 m 
and the length about 60 m- A few relatively strong pillars arc developed 
between the tiers over the center of the test. 

The species to which L. pancaruilta is most nearly related is L. canellei 
Lcraoinc and R. DouviU^. L. caneUei is usually larger, but the senior author 
has specimens of a dwarf variety from Arbol Grande, near Tampico, Mexico. 
In L. caneUet the ratio of the diameter to thickness is greater, and in perfectly 
preserved specimens there is a distinct flange which may be penpherally 
thickened. L. camUev lacks the pillars and the thickened surface papillae 
and costulations of L. jHincanalta. The equatorial chambers of L. canelUi 
are strikingly regular hexagonal in shape, while those of L. Tpancanolis are 
dominantly of dmmond or short-spatulate form 

Co-types and topo-types. The specimens on which the foregoing description 
18 based and which are here illustrated, have been donated to the U. S 
National Museum. Topotypes, Senpps Institution of Oceanography, 
Oeologtc relations and associated species. The locality at which the type- 
specimen.’i were collected has already been stated 1'he geologic horizon is 
given by MacDonald as the upper part of the Culebm formation, but acluall}' 
the stratigraphic relations of the bed from which the specimens were collected 
IS not certainly known. The senior author sumiisos that the bed does not 
belong within, but lies below the Culcbra fonnation. 

Associated with L. jiancanalts at its type locality are other organisms us 
follows (see Vaughan, 19196, pp. 550-554, 1924, pp. 787, 802) : 

Camerina panamensts (Cushman) 

Heterostegina n. sp. (described in a ms. by D W. Gravcll) 

Miogypsina {Mtolepidocychna) panamensis (Cushman) 

Lepid^dina sp , erroneously identified by C'ushman as L rhapen. 

In Antigua, L. pancanalis has been found in collections made by W. R. 
Forrest at Cocoanut Hall, in the upper stratified beds at Half Moon Bay, 
and at southeast point. Long Island Commonly, associated with L. panca- 
nalis at these localities arc: 

Lepxdocyclina panmla Cushman 
undosa Cushman 
vaughani Cushman 
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Lejndoeychna (Lepidoeyclina) ■pancanaht Vaughan and Cole, n ap. 

Figa. 1-6. — Surface viewi, X 12, of aixapecimena. 

Fig. 7 —Vertical aeotion, X 28. 

Fig. 8.— A part of a vertical aection, X 200, to show the atoloniferoua aperturea in 
the walla of the equatorial chambera. Three paira of the aperturea are repreaented 
by the pairs of white dota. 

Fig. 9. — Equatorial section, X 28, to show the embryonic and equatorial chambera. 
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TIm boliioii in Antigua is in the Antigua fomiation, but it may be consider- 
ably above the base of the formation. 

Collateral infonnation on the probable eoirelation of the Panama exposure 
above discussed may be obtained by comparing it with the exposure at 
locality 6024 of MacDonald’s report (1919, p. 540). The two are very near 
together. At this locality the following species were collected : 

In the lower 10 ft. Camerina panamenns (Cushman) 

MiogyptiM (Mtdkptdocycltna) panameima (Cushman) 

In the upper 10 ft. Siylophora tmperatoria Vaughan* 
tnacdonaldt Vaughan* 

Acropora panamenns Vaughan* 
aaludentis Vaughan* 

There are two other groups of facts that bear on the stratigraphic position 
of the exposure at locality 6025. The first of them is that at MacDonald’s 
locality 6026 (1929, p. Ml) there is an Antiguan middle Oligocene coral 
fauna. A species of Camerina was doubtfully identified as C. panamenns. 
In the Panama Canal Zone L. caneUei and L. oaughani occur in association 
(Vaughan, 1923, pp. 264, 255), but m Antigua, L. vaugkam occurs in associa- 
tion with L. paneanaUs. Specimens previously reported by the senior 
author as L. candUi from Half Moon Bay, have proved in detailed study to 
be L. pancanalts. The second group of facts is that Mtogypnna cushmant 
occurs m the vicinity of Culebra in both the upper part of the Culebra forma- 
tion and in the immediately overlying Emperador limestone. 

Notwithstanding lack of the desired definiteness in the information given 
above, the indications are that the stratigraphic position of the bed exposed 
at locality 6025 is about the same as the beds exposed at Half Moon Bay, 
Antigua, but below the horizon of Mtogypnna cuehmam in the upper part 
of the Culebra formation as that formation was exposed in Gaillard Cut be- 
fore water was let into the Panama Canal. As the beds at Half Moon Bay 
occur within the Antigua formation, but apparently not m its basal part, the 
stratigraphic position of the bed exposed at locahty 6025 m Panama is 
Oligooene, perhaps upper rather than middle. The European age equivalent 
IS probably Chattian. 
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fjNTOMOLOGY.---A new species o/Rhodnius from Panama {Hemip- 
tera: Reduviidae).'^ H. G. Barber, Bureau of Entomology. 
(Communicated by Harold Morrison.) 

Rhodniua pallescens n. ap 

Color Palo testaceous, dull, marked with fuscous. Head beneath and 
laterally, before the eyes, and a narrow longitudinal stnpe behind the eyes 
on a line with the oceUi, fuscous, a conspicuous, narrow, median, longitudinal, 
pale testaceous line runmng from extreme aiiex to base of head, somewhat 
widened between the eyes. Antennae with the first segment, a little over 
basal half of second, and most of the fourth, except at extreme base and apex, 
pale testaceous, often faintly mottled with fuscous; the remainder infuscated. 
Rostrum sordid testaceous, faintly mottled with brown. Pronotum con- 
spicuously marked with pale testaceous on a fuscous background; lateral 
margins and two longitudinal cannac, one on either side of the middle, very 
plainly calloused, pale testaceous; the antenor lobe between the two median 
carinoe with two elongate, oval, unbroken fuscous B|wts, anteriorly narrowed 
and nut attuimng the depress^ antenor margin; just within the antenor 
angles a small, subtriangular, fuscous spot, behind which is a broken fascia, 
of the same color, occupying the space on each side between the lateral margin 
and the median canna, posterior lobe granulose, with many pale testaceous 
pustules on a fuscous background; a median, longitudinal, testaceous, sLghtly 
calloused, granulated stnpe between the two median cannac, and a broader, 
more irregular, non-calloused fascia on each side between the lateral margin 
and the median canna Scutellum pale testaceous, disk with three distinctly 
excavated fuscous spots basally, the median one frequently immaculate, the 
inchned sides infuscated to beyond the middle. Hemielytra with the surface 
for the most part pale testaceous, with the veins concolorous, median or inner 
field of the conuni with a conspicuous, broad, shghtly curved, fuscous stniie; 
a much narrower and less conspicuous stnpe contiguous to and paralleling 
the submedian nervure; sometimes also the claval suture anteriorly, and 
extreme apex of conum, infuscated. The membrane pale, sordid testaceous, 
with the outer long cell, except along the limiting veins, family embrowneil, 
with pale irrorations through the center, the inner long cell very slightly 
embrowned before the middle, the surface postenor to the long cells frequently 
irrorated or tinted with brown. The connexivum pale testaceous, each seg- 
ment anteriorly at the lateral margin with an elongate, rectangular fascia, 
over twice as wide as long and narrowly separated from a more elongate 
narrower stnpe, partially concealed by the margin of the conum. Pleura 
fuscous, gmnulosc, broadly and irregularly striped, and mottled with testa- 
ceous. Venter embrowned, with two or three longitudinal series of irregular 
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pale testaceous spots on either side toward the lateral margins. Legs pale 
testaceous, mottl^ with brown, the tibiae apically and the tarsi embrow^. 

Head laterally finely and densely granulose; 4.64 mm. long and 1.6 mm. 
wide across the eyes; space between the eyes sli^tly longer th^ the diameter 
of an eye (0.56 mm. to 0 62 mm.) ; distance from eye to apex of antenniferous 
tubercle (lateral view) 2f to 2^ times as long as from the apex of the latter to 
the front of the clypeus, antennae as long as head and pronotum together; 
basal segment attaining the apex of the lateral lobes; second segment about 
seven times as long as first; the relative lengths of the segments as follows: 
I 0.48, II 3.20, III 2.40, and IV 1.60 mm., third and fourth se^ents sparsely 
pilose. Rostrum reaching very nearly to margin of anterior acetabulae; 
first and third segments equal to each other, the second segment 4 to 4} times 
as long as either of the other two. Pronotum distinctly wider than long 
(4 mm to 3.04 mm ) ; anterior lobe, on the median dorsal Ime, 1.04 mm. long, 
the postenor lobe 2 mm long; lateral margins distinctly concavely smuato 
between the lobes, antenor angles prominent, forming somewhat rounded 
lobes anteriorly, lateral margins and two median longitudinal carinae 
strongly calloused, dorsal surface of posterior lobe elsewhere covered with 
conspicuous small, pale, testaceous pustules. Scutellum lon^^r than wide 
(2 mm. to 1.76 mm.), disk with three strongly excavated longitudinal areas 
basally, the median one attaimng the midSe of the scutellum; contracted 
apical port transversely furrowed, cyhndncal, somewhat elevated. Hemie- 
l^ra not quite reaching apex of abdomen; entire length from base of oorium 
to apex of membrane 12 mm. ; corium along costal margin 8 mm. long; length 
of mner cell of membrane 5 6 mm., of outer cell 6 mm. Length of b^y from 
postenor margin of pronotum to apex of abdomen 12 16 mm. Connexivum 
broadly expo^; dmmeter of abdomen at third segment 5.6 mm. Pleura 
granulose, pustulate. 

Ijcngth of male 10.84 mm., diameter of pronotum 4 mm., diameter of 
abdomen 5.6 mm. ; length of female, 21-32 mm. 

Type male. La Chorrera, Panama, V, 12, 1912 (collected by August Busck). 
Paratypes, males, four with same data as type, one Trinidad River, Panama, 
V, 8, 1911 (August Busck); females: one Tm Chorrera, Panama, V, 10, 1912; 
one Cabima, Panama, V, 28, 1911 (August Busck), one Close’s, Cano Saddle, 
Canal Zone, Panama, IX, 1923 (M. F. Close); and two Ancon, Canal Zone, 
Panama, VII, 1932 (L H. Dunn, Gorgas Memorial Laboratory). U 8.N.M. 
Cat No. 44329. 

There is very little variation in the senes of eleven specimens at hand from 
Panama. Rhodmus paUetcens is closely related to both proUxiua St&l and 
pictipes St&l, from either of which it differs especially in its paler coloration 
and relative proportion of parts, havmg a longer and narrower head and 
pronotum. 

The lower part of Figure 1 shows the posterior view of the genitalia. 

Key TO Three Sfbcies of Rhodniub 
1. First, second, and base of third segment of antenna and legs uniformly 
pale chestnut-brown, not mottled or banded with fuscous. Disk 
of scutellum with a single Imsal excavation. Dimensions of parts of 
male as follows: head 4.16 mm. long, 1.74 mm. wide across eyes; 
apex of head to eyes 2.4 mm ; dorsal diameter of eye 0.66 mm.; 
vertex between eyes 0.62 mm , second segment of rostrum 3i times 
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SB long as basal; pronotum 2.96 nun. long, 4 mm. wide, anterior lobe 
1.04 mm. and posterior lobe 1.92 mm. long; scutellum 1.68 mm. long, 

I. 6 mm. wide; length of body from posterior margin of pronotum to 
apex of abdomen 11.04 mm., diameter at third segment 6 2 mm. 

proltrius St&l. 

First two segments of the antenna not unicolorous; legs mottled with brown 
and the tibiae sometimes banded with fuscous. Disk of the scutellum 

with three excavations . . 2 

2. Antenna with basal segment, apical part of second, and base of third and 
fourth segments infuscat^; tibiae with two fuscous bands, one 
median and one apical. Fuscous spots on segments of connexivum 
posteriorly forked. Dimensions of parts of male as follows: head 
4.56 mm. long, 1.68 mm. wide across eyes, apex of head to eyes 2 64 
mm., dorsal diameter of eye 0.6 mm , vertex between eyes 0.48 mm.; 
pronotum 3.36 mm. long, 4.16 mm. wide, anterior lobe 1 2 mm., 
posterior lobe 2.16 mm. long, scutellum 2.08 mm. long, 1 8 mm. wide; 
length of body from posterior margin of pronotum to apex of abdomen 

II. ^ mm. ; diameter at third segment 5 44 mm . . . plctipes St£l. 

Antenna with apex of second, alt of third, and sometimes narrow base and 

apex of fourth segment mfuscated. Legs pale testaceous, mottled 
with brown, tibiae without a median fuscous band but mfuscated 
at apices. Elongate rectangular spots on segments of coimexiviim 
not postenorly forked. Dimensions of parts of male as follows: 
head 4.64 mm. long, 1 6 mm. wide across eyes; apex of head to eyes 
2 8 mm.; dorsal diameter of eye 0.52 mm , vertex between eyes 0 56 
mm.; pronotum 3.04 mm long, 4 mm. wide, anterior lobe 1.04 mm., 
posterior lobe 2 mm. long, scutellum 2 mm. long, 1.76 mm. wide, 
length of body from posterior margm of pronotum ^o apex of abdo- 
men 12. 16 mm. ; diameter at third segment 5 6 mm . . poUescens n. sp. 

ZOOLOGY.— Annoiaiio/u on the nomenclature of some plant parasitic 
nematodes.'^ G. Sthinbr, Bureau of Plant Industry, 

In a recent paper (Steiner 1931) attention was called to the fact that 
the genus Aphelenchus, as previously conceived, contained through 
error, some species not possibly belonging to it. The proposition was 
therein made to raise to generic rank the group for which Cobb, 1927, 
had created the subgeneric term, Palhoaphelenchus. 

In 1894, however, Fischer described under the name of Aphelen- 
choides kvihnii (Fischer speaks of a subgenus but later in his paper 
places “nov. gen. et nov. spec.” after the name) a form which in our 
judgment is Aphelenchus parietinus of Bastian, 1805, and which in 
turn is the type of Palhoaphelenchtts. Aphelenchoides Fischer 1894, 
antedates Palhoaphelenchus Cobb 1927, and therefore replaces it, 
with Aphelenchoides panetmus (Bastian) Fischer 1894 as type. Syn- 
onyms of this t 3 T)e species are Aphelenchus modestus de Man 1876, 
Tylenchus gracilis Cobb 1888 {^Aphelenchus gracilis Cobb 1891, ■■ 
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Tylenchus cobbi de Man 1006), Aphelenchxts ormerodis Ritzema Bos 
1891, and Aphelenchoidea kuhnii Fischer 1894. 

It may further be noted that Tylenchus gulosus Khhn 1889 and 
Fischer 1894, is a synonym of Tylenchus praiensts de Man 1884. This 
adds the following plants to the list of hosts of T. pratensis: Beta 
vulgaris var. rapa, Brassica campestris, lAnum usitatissimum, Pisum 
sativum, Vida vUlosa, Clematis jackmani, and Hepatica triloba. 
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PROCEEDINGS OF THE ACADEMY AND AFFILIATED 
SOCIETIES 

PHILOSOPHICAL SOCIETY 
1030th meeting 

The lOSOlh meeting was held in the Cosmos Club Auditorium, Saturday 
evening, December 10, 1031. The meeting was called to order at 8; 15 P.M. 
by President Tuckerman. 
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Program: E O. Holburt: The temperature of the lomr almoaphere. — From 
the known amounts of the vanous gases of the atmosphere from sea-level 
to about 20 km, from the observed light-absorption coefficients of the gases 
and from the albedo of the Earth’s surface, the temperature of the atmosphere 
in radiative equihbnum is calculated on the assumption that the sunlight is 
the only source of energy. The sea-Icvel temperature comes out to be about 
19® above the observed world-wide average value 287°K, and tlie temperature 
above about 3 km falls many degrees below the obeon^eil tempemtures. 
The temperature gradient m levels from 3 to 0 km is greater than that of 
convective equilibrium .and hence the atmosphere would not be dynamically 
stable if radiation equilibnum prevailed. Therefore air-curreiits take place 
to bring about convective equilibnum. Continuing the calculation it is 
found that only when the convective region extends to about 12 km (as is 
observed), with radiative equilibrium alxive 12 km (as is observed), does 
the atmosphere satisfy the conditions of dynamic stability and thermal equi- 
libnum ivith tlic received solar energy. For this case the calculated sea- 
kvel temperature is 290*K m goo<l agreement with the obsen-etl value 287® K 

Calculation shows that doubling or tnpling the amount of the carlwn 
dio.xidc of the atmosphere mcreases the average sea-level temperature by 
about 4° and 7® K respectively, halving or reducing to zero the carbon dioxide 
decreases the temperature by similar amounts. Such changes in temperature 
are about the same as those which occur when the Earth passes from an ice 
age to a warm age, or wee versa. I’Kas the calculation imhcates that the 
carbon-dioxldc theory of the icc ages, originally proposed by Tyndall [Phil 
Mag., 22, 277 (1861)1, is a possible theory. (Author's abstract ) 

Discussed by Messrs. White, L H. Adams, Humphreys, Curtis, and 
Hawkebwobtii. 

O, R. Wulf. The ozone dtslrtbuiton and the temperature of the upper atmos- 
phere — Experimental evidence and thcorj' combine to indicate that the 
ozono of the upper atmosphere is distnbuU'd as a fairly sharply defined 
layer, and that this is located at a height of roughly 60 kilometers In work 
done recently at the Fixed Nitrogen Research liabonitory by Dr E H Mel- 
vin and the author an influence of temperature has been found m the ultra- 
violet absorption bands of ozone. In view of the above, a method is pro- 
posed for the direct determination of the tcnifiorature of the upper atmosphere 
at the ticight of the ozone layer. This comprises a photometnc cornpansou 
of the atmospheric ultraviolet ozone absorption in the spectra of stars giving a 
satisfactory continuous background in this region, with the same ozone ab- 
sorption spectra taken at a senes of temperalureH m the laboratory. (.4 uthor’s 
abstract.) 

Discussed by Messrs Huluert and Humphkkyb 

An informal communication was presented by A H Scott on Dieted) ic 
constant and power factor of fused zinc oxide 

lOSlST MEETINU 

The lOSlst meeting was held in the Cosmos Club Auditorium, Saturday 
evening, January 16, 1932 It was called to order at 8 30 P M by President 
Tuckekman. 

Piogranv H L. Curtis- The determination of the decimal units by me- 
chanical measurements. 'J'his paper has been printed in full in the pages of this 
Journal (22: 193). 
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The 1032nd meeting was held in the Cosmoe Club Auditorium, Saturday 
evening, January 30, 1032. The meeting was called to order at 8:16 P.M. 
by President Tuckerman. 

Program: F. L. Mohler: Temperature variationa of the absorjHion qf 
metdUtc nker . — Published work has shown that the sharp transmission band 
of silver with its maximum at 3200 AU changes with temperature. A quanti- 
tative study of this has been made by the method of photographic densitom- 
etry over the temperature range 220®C to — 263“C (boili^ hydrogen). 
The quantity measured is 

log J. - log y - o 

where J, is the mcident intensity and J the transmitted intensity and values 
are given in common logarithms. For films of chemically deposited silver 
and of diver evaporated in vacuum and for films of different ^ckness, the 
change in a between fixed temperatures remains proportional to a. The 
change is limited to the wave-length range 3400 AU to 2^ AU with the maxi- 
mum effect near 3100 AU. The short wave-length branch of the absorption 
curve becomes less steep with increarang temperature and the minimum less 
pronounced while the long wave-length branch is unchanged. For one speci- 
men the value of a at — was 0.4; at 220‘‘C, 1.2 at 3100 AU. The change 
in a remains nearly proportional to the temperature chmige. (Author’ a 
abatract.) 

Discussed by Messrs Brickwedde and Tuckerman. 

F. Q. Brickwedde' A hydrogen isotope of maaa i and its concentration . — 
Last summer Birge and Mensel suggested the possible existence of an isotope 
of hydrogen with mass number two (H*) to explain the difference between 
the atomic weights of hydrogen as determined chemically and by Aston using 
the mass spectrograph when reduced to a common basis. Isotopes of hydro- 
gen with mass numbers two and three and helium five are n^ed to give 
rc^lar arrangements of atomic nuclei a completed appearance when extra- 
pedated to smallest atomic weights. 

A calculation of the varor pressures of pure isotopic crystals of the different 
molecular spmes H'H*, H'H*, H‘H* yield values of the vapor pressure which 
are in the ratio of 1 : 0.37 '0.30 at 14**K, the triple point for ordinary hvdrogen. 
Although a calculation for the liquid state was not possible it aid seem 
reasonable to believe that heavier isotopic molecules if present should be 
rapidly concentrated in a residue of hqmd hydrogen evaporated at the triple 
point. Samples of hydrogen wore prepa^ in the Cryogenic Laboratory 
of the Bureau of Standards from the residue of four to six liters of liquid 
evaporated at the normal boiling point and triple pomt. These samples 
were examined with a grating spectrograph by raf. Harold C. Urey and 
Dr. G. M. Murphy at Columbia Umversity for the visible atomic Balmer 
Scries lines of hydrogen atoms with masses two and three, the wave-lengths 
of the new lines being calculated in advance of the measurements. It was 
found that the known lines Ha, H^, Hy, and HA are accompanied on the short 
wave-length side by weak lines agreeing within oxpenment^ error (about 
0.02AU) with the calculated wave-lengths for an isotope of mass two, the 
corresponding H' and H* hnes differing in wave-length by between 1 and 2 AU. 
The H*a line was resolved into a doublet with a separation agreeing with that 
for the known H'a line. The isotopic lines are not as diffuse as the known 
H^ lines, probably due to a smaller Doppler broademng. The isotopic lines 
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were found in ordinary hydrogen with an intensity of about 1 /4000th the 
intensity of the H* lines, which yields a value for the ratio of H* to H' atoms 
in ordinary hydrogen of 1 to 4000. 

sample prepared from six liters of liquid by evaporation at the normal 
boiling point showed no increase m the concentration of the isotope, indicat- 
ing that the vapor pressures of the pure isotopic liquids at 20°K are the same. 
In one s^ple prepared from four liters of liquid hydrogen evaporated at the 
tnple point the concentration of the isotope was increased about 700 per cent. 
These increases m concentration which are larger than have been attamed 
before for any isotope made possible the positive identification of the isotope. 

No evidence for H* was found. (Author’s abstract ) 

Discussed by Messrs. Urey, Mohlbr, Hawkesworth, Gish, Blake, 
CBirTENDEH, CoRTis, GiBSON, and Tuckeruan. 

K^D UEBTINQ 

The 1033rd meeting was held in the Cosmos Club Auditorium, Saturday 
evening, February 13, 1932. The meeting was called to order at 8.15 P.M. 
by President Tuckerman. 

Program: Ross Gunn. The evdutionary origin of the solar system. — A new 
account for the formation of the solar system, bas^ on the rotational evolu- 
tion of a single parent star, is given which describes the system in some detail 
and avoids the major difficulties encountered by earher investigators. Elec- 
tric and magnetic forces acting on the ions of a star’s atmosphere determine 
its motion and stability, and permit the angular velocity of the star to increase 
until the star breaks into two component stars of comparable mass. The 
hot face of each component star which has just emerged from the deep interior 
of the parent star loses momentum by radiation more rapidly than the cool 
face and kinetic energy and angular momentum are added to the star pair 
in such a way as to form a stable binary system It seems probable that the 
mechanism will separate the stellar components to infinity in a great many 
cases and two single stars produced Applying this to the solar system the 
Sun 18 supposed to have divided and lost its companion While each com- 
ponent star was inside the Roche limit of the other, centrifugal and tidal 
forces broke off the planets. These in turn broke up for the same reason and 
produced the planetary satelhtes. Tides and tidal couples transferred the 
momentum of axial spin of the two component stars to that of orbital momen- 
tum, leaving the Sun rotating very slowly The planets, because of their 
small size, largely escaped this process and onginally rotated on their axes 
with a period approximating the critical period of the i>arent star. The 
birth of the Moon and its relative size compared to the Earth is well explained 
by the theory. The account replaces the earher improbable and “accidental” 
theory by a systematic evolutionary process that may be qiute common in 
the umversc. (Author’s abstract ) 

Discussed by Messrs. White, Heck, Huuphreyb, Hazard, Curtis, L. H. 
Adams, Stimpson, and Tuckerman. 

L. H. Adams; The solidification of the earth 

Discussed by Messrs Hawkesworth, White, Heck, Curtis, Humphreys, 
Gibson, and Tuckerman. 

1034Tn meeting 

The 1034th meeting was held in the Cosmos Club Auditorium, Saturday 
evening, February 27,1^1932. The meeting was called to order at 8:20 P.M. 
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Program: R. J. Sbeqeb: The growth of the electron eoncejd in physice. 
Discussed by Messrs Cubtis, Heyl, and Gibson. 

D L Watson Biological organization a» a phytico-^Aemical problem . — 
G. N. Lewis has said that “living creatures are cheats in the game of pbjrgics 
and chemistry.” From the standpomt of physics the problem of biolo^oal 
organization is to determine statistically, what is the nature of this cheating. 

Organization, in an otherwise random system, can be discerned by (a) it 
strikes the attention of the observer and inakes the distribution of the parts 
easier to apprehend, (b) its nature implies some specific purpose for which the 
system may be used. Entropy, as a measure of physical orgamzation, does 
not aid in the analysis of complex structures such as used in physical research, 
engmeenng or living matter. It applies only to simpler, quasi-isotropic 
systems and measures only the special kind of organization whose purpose 
18 to perfonn work on outside systems 

The classical moaning of entropy arises through the Boltzmann formula and 
therefore through the probability concept. The probability of a state, 
however, is u function of the method of clasiification apphed to the system 
and therefore of the means available for observing the possible configurations. 
Thus the subjective aspect of our apprehension of organization (mentioned 
above) can, in the coses m which we arc interested, influence the value of the 
probability and (in a sense) the value of something-corresponding-to-the- 
entropy. This conclusion is implied in the recent work of G. N. Lewis and 
P. W Bndgman From this point of view, the .Second Law requires merely 
that changes take place from easily classified states to less easily classified 
states If entropy measures only one kind of orgamzation, an extension of 
the entropy concept or a new measure of organization is necessary for biology. 

Organization of biological systems is produced by key structures which wo 
can call “selecting mochamsms ” These produce a steady warping of the 
statist icH of t he assembly m which they occur New classifications, unfamiliar 
in theoretical physics, arc more readily adapted to these “warped” configura- 
tions, and this is the nature of the “cheating” to which Lewis refers. Such 
selecting mechanisms can appear spontaneously under suitable physical and 
chemical conditions. Intelligence is not necessary In any case, mechamcal 
selectmg devices having more and more of the characteristics of inteUigent 
beings are becoming commoner, both m engmeenng and experimental 
psychology. (./I vthor’s abstract ) 

Discussed by Mr. Gibson 

Informal cotnmunicAUwn: W. J. HiiMpnKEYs: The colder the air the thinner 
the ice — It IS a saying among certain Great Lakes fishermen that ice grows 
faster in zero (Fahrenheit) weather than it does when the temperature is 
considerably subzero. This, if true, is one of nature’s many paradoxes, one 
of her pleasing puzzles which it always is a dehght to solve. But is it true? 

Evidently the rate of thickemng of the ice (at the under surface of course) 
IS proportional to the rate of loss of heat by the water up through the ice 
cover. Under steady conditions this rate in turn is proportional directly 
to the thermal conductivity of the ice and the difference in temperature 
between its upper and under surfaces, and indirectly to the thickness of the 
ice sheet. In other words, it is proportional to the conductivity of the ice 
and the temperature gradient through it. Now the conductivity of ice is a 
constant, nearly, if we neglect, or take into account and average, the effect 
of air bubbles and other irregularities. Also the temperature at the under 
surface of the ice is a constant, namely, 32®F. in the case of fresh water. We, 
therefore, can say that for any given thickness of the ice, the rate of its further 
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growth, under steady conditions, is directly proportional to the extent to 
which the temperature of its outer surface is below the freenng point. That 
is, it is proportional to 32 — i„ in which t, is the temperature, as indicated by a 
Fahieiiheit thermometer, of the upper surface. If, then, this upper surface 
always had the temperature of the air above it, there would be no occasion 
to ei^lain the paradox in question for there would be no paradox. But this 
relation does not always hold and m that fact we have the solution of our 
fisherman’s pussle. 

At temperatures around sero Fahrenheit there is not likely to be much fog 
drifting over the ice from the open water farther out in the lake, and often 
too at such times there is wmd enough to keep the surface of the ice swept 
clean of snow. On the other hand, when the temperature of the air is con- 
siderably lower the “frost smoke,” produced by the “steaming” of the 
open, deep water and rcmauung unevaporated at the low temperature, well 
may spread out slowly over the ice and thereby not only decrease the net 
loss of heat by radiation, as fogs and clouds always do by the return radiation 
they themselves give out, but also decrease it, sometimes very greatly, by 
depositing over the ice an insulating sheet of finely powdered snow. Any 
substance, even a metal, when finely divided, is a poor conductor of heat, 
and snow is one of the poorest. Hence ice covered with a layer of fine snow, 
even though that layer be very thin, loses heat to colder air above much more 
slowly than it would if bare. Obviously, therefore, under otherwise hke 
conditions ice increases in thickness much faster when bare than it does when 
enow covered 

Ice of any given thickness grows fastest when its surface is coldest; but 
this temperature depends in part on the condition of the air above — clear, 
cloudy, or foggy — and on the condition of its surface, clean or snow covered. 
And the fog blanket and the fine snow cover arc most likely to form in relatively 
calm and very cold weather, dnfted by the gentle movement of the air 
that commonly obtains on such occasions over and onto the ice sheet to the 
leeward of the remaining open water 

It well may be, therefore, as fishermen tell us, that at certain places, at 
least, along the shores of the Great bakes, more ice is formed occasionally, 
perhaps also on the average, when the temperature of the air is around zero 
Fahrenheit than there is when that temperature is even 20“ to 30“ lower, 
owing, as explained, to the greater prevalence of clear air and clean ice in the 
first case and foggy air and snowy ice m the second. 

But here also, os everywhere and always, a few appropriate figures afford a 
very necessary check on one’s general or qiiahtative reasoning. Let the 
conditions be : 

a. Temprature of the air — 18“C., 0“F., approximately. 

Thickness of ice, 5, 10, 25, 50 centimeters, respectively. 

Snow covering, none 

b. Temperature of the air — 29“C., — 20*F , roughly. 

Thickness of ice, as in cases o. 

Snow covering, 1 millimeter. 

c Same os 6 in respect to temperature of air and thickness of ice. 

Snow covering, 5 milhmcters. 

Now smee the radiations of snow and ice at these low temperatures are 
small; the reflection of sunlight and skylight by snow roughly 90 per cent; 
the amoimt of such radiation absorbed by ice also small, especially smee 
there is not likely to be much of it to absorb in mid- winter at latitude 47“ N., 
say; and the heat conductivity of ice very low, therefore, as a first approxima- 
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tion, we may assume the temperature of the top surface of the snow, or bare 
loe, to be that of the adjacent air. The temperature of the under surface of 
the ice is, of course, 0°C. Furthermore, as experiment has shown, the 
conductivity of very loose snow may be as low as one three-hundredth that of 
ice. Assume it, in the present case, to be one one-hundredth that value, so 
that, as a heat insulator, a layer of our fine snow one millimeter deep is the 
equivalent of a sheet of ice 100 times as thick — 10 centimeters; a 6 millimeter 
covering of snow the equivalent of a 50 centuneter sheet of ice; and so on for 
other depths and thicknesses. 

In case a the diilerenoe m temperature between the under and upper sur- 
faces of the ice is IS^C., and in cases b and e the difference between tM tem- 
perature of the under surface of the ice and top surface of the snow 29®C. 
Therefore our various temperature gradients, in terms of centigrade degrees 
and thicknesses, or equivalent thicknesses, m centimeters, of ice are as ^ven 
in the following table. 


Temperature GradtenU 


Thickness of icc, cm. 

S 

10 

26 

60 


18 

18 

18 

18 

Air -18‘>C 

T 

10 

25 

60 

1 mm enow 

20 

20 

26 

20 

Air -29‘’C. 

16 


86 

00 

6 mm enow 

20 

20 

20 

20 

Air -29“C 

66 

60 

76 

160 


From these gradients it is clear that often bare ice can grow faster when 
the temperature of the air is O^F. than can snow covered ice of the same thick- 
ness when the air is much colder, even — 20®F. When the thickness of the 
ice IS 16 3 centimeters (6 4 inches) it grows just as fast in OT. weather, if 
bare, as it would with a 1 mm covenng of loose snow (conductivity of snow 
one one-hundredth that of ice) in weather at — 20'’F. If thinner, the bare ice 
would grow faster than the snow covered at the given temperatures, and if 
thicker it would grow slower If the depth of the snow were 5 mm. the 
thickness of the ice would need to be 81 8 centimeters (32 2 inches) for the 
rates of growth, under the given conditions, to be the same. 

In the first of these cases the rate of increase of thickness is about one 
centimeter in 4 hours, the conductivity of ice being 0 005 (transmitting 
0.005 calorie per second per square centimeter cross-section when the tem- 
perature gradient is 1°C. per centimeter), and m the second case one centi- 
meter in 20 hours 

Thus the fisherman’s interesting paradox, the colder the air the thinner 
the ice, has become orthodox and lost its fascination, (Author’s abstract ) 

1035th meetinq 

The 1035th meeting was held m the Cosmos Club Auditorium, Saturday 
evening, March 12, 1^2. The meeting was called to order at 8 . 18 P.M. by 
President Tuckerman. 

Program: F K. Habris: Applicatton of the cathode-ray oscittograph . — 
The sensitivity of cathode-ray oscillographs and the upper li^t of their range 
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of usefulness in high-frequency recording were discussed. The application 
of tile oscillograph to the investigations of transmission-line transients ini- 
tiated by lightning, and the use of the oscillograph as a recording wattmeter 
were discussed in some detail. {Author's (Aatract.) 

Discussed by Messrs. Wennkh, Gish, Curtis, and Huuphbeys. 

F. R. Heyl: Cause or chaneef The past third of a century has called 
into question and modified or discarded most of the theoretical principles of 
physioal science which had formerly been regarded as permanently estab- 
lished. It has been reserved for the last few years to attack what has always 
been regarded as the most fundamental pnnciple of all, for there has come a 
change in the scientific attitude toward the law of cause and effect. This 
latest skepticism concerns itself principally with the behavior of electrons. 
The new philosophy asserts that the future course of an electron is a matter 
not for definite pre^ction, but only of statistical probabihty. 

There is an imposing array of authonty on the side of this new and strange 
doctrine — Bohr, Heisenberg, Dirac, Jordan, Bom, Kddington, and others, 
while the opposition can name but one physicist of the same rank — Planck. 

Those who have adapted this position have done so because of the increas- 
ing difficulty of giving a satisfactory explanation of electronic phenomena m 
terms of the ch^cal frame of space-time. It appears that a probabihty- 
interpretation of the equations of wave mechanics avoids all the present 
difiSculties. On this interpretation, causal laws are replaced by laws of 
probability. (Author’s abkract.) 

Discus^ by Messrs. Brickweddb, Horst, Humphreys, and Littlehales. 

Informal communicaltons: P. R. Heyl descnbed a method of testmg char- 
acter of knife-edges by a balance method. 

Discussed by Messrs Wensbl, Littlemalbb, White, and Humphreys. 

H. L Curtis descnbed a mechamcal wave filter for low frequencies. 

lOSfirn MBETINO 

The 1036th meeting was held m the Cosmos Club Auditorium, Saturday 
evening, March 28, 1932. The meetmg was called to order at 8 15 P.M. by 
Resident Tuckbrman. 

ProOT-am: J. E. Ives : The physicist in public health work —The important part 
played m preventive mcdicme, and particularly m industrial hygiene, by the 
physicist, was emphasized. Medicine is interested in the relation of man to 
hiB physical emironment; to radiation, to the temperature, humidity, velocity, 
and lomzation of the air, and to the dust-content of the air. The physician 
determines the intracorporeal quantities such as blood pressure, body tem- 
perature, pulse rate, etc., while the physicist determines the extracorporeal 
quantities, such as temperature and velocity of the air, and intensity of 
radiation (ultraviolet, visible, and infrared). 

In industrial hygiene, the illumination, both natural and artificial, of 
workshops is of importance, involving the size and location of windows, and 
the location of hghting units. Certain intensities of hghting are necessary 
to protect the eye, and to promote industrial efficiency 

Ventilation of ^ops and factones is also of importance from the hygienic 
point of view. 

In private dwellings, spacing, hghting and air-conditioning call for the 
knowl^ge of the physicist as well as that of the physician. The best size of 
room, and height of ceihng, mvolve problems both for the physiologist and 
the physiciat. 

Radiation has many problems in which both the physicist and the phyd- 
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cian are interested, such as the properties of therapeutic lamps, the trans- 
mission of ultraviolet rays by window gbffl, radiation of infrared rays from 
molten iron and glass, and of the less intense infrared radiation from the 
ceilings and walls of houses and schoolrooms, and the effect of these radiations 
upon the body and the eyes (AuUioT^a ab^ract.) 

Discussed by Messrs Tuckeruan, Rambero, Hawkbsworth, Blaee, and 
Heck. 

F. S. Brackett: Tfie division of radialion and organisms of the Smithsonian 
Instilulion. 

Discussed by Dr. Ives. 

Informal communication: R. B. Kennard described an apparatus for 
measuring small pressure-differences and small velocities of a gas. The 
apparatus consisted csscntiallv of a manometer with means provided for 
making accurate readings. The apparatus was placed on exhibition before 
the Society. 

1037th MBETINO 

The 1037th meeting was held in the Cosmos Club Auditorium, Saturday 
evening, April 9, 1932. The meeting was called to order at 8:15 P.M. by 
President Tuckeriiian. 

Program: R. B. Kennard. — The interferometer as an instrument for meas- 
uring air temperatures near heated surfaces. 

Discussed by Messrs. White, Tuckerikan, and Wenbel. 

Wm. F. Roeber: Reference curves for use with thermocouples. — Reference 
tables for thermocouples give a relation between electromotive force and 
temperature. These tables in conjunction with suitable deviation curves, 
serve as a convenient means of interpolating between cabbration pomts ana 
converting readings of electromotive force to temperature. 

It has been found advisable to revise the classic table prepared by Adams 
for the standard platmum to platinum-10% rhodium thermocouple to make 
it conform to the present temperature scale Careful study of ten represent- 
ative couples, moreover, indicated that the thermocouples of this type used 
today do not have exactly the same characteristics as those upon which 
Adams’ table was based. The principal change made in Adams’ table for 
platinum to platinum-10% rhodium thermocouples was at temperatures 
above the gold point (1063‘’C). The maximum change below 12()0’’C was 
0 S^C, whereas the change at 1500®C was 4*0 

New tables were also prepared for platinum to platinum-13% rhodium 
thermocouples and for several couples of basc-mctal alloys. (Author’s 
abstract ) 

Discussed by Messrs L H. Adams and White. 

Informal communication' W. P. White discussed his experiences and 
difficulties in calibrating thermocouples 

Discussed by Messrs Roeber and Wenbel. 

C. OoLDENBERO descnbed and gave an explanation of two smoke puffs from 
large guns. 

1038th meeting 

The 1038th meeting was held m the Cosmos Club Auditorium, Saturday 
evening, April 23, 1932. The meetmg was called to order at 8.30 P.M. by 
President Tockerman. 

Program: Prof. A. E. Kennellt: The work of Joseph Henry in relation 
to applied science and engineering. The Joseph Ilenry lecture, published in 
this Journal 22: 203. 
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1039th UEBTINO 

The 1039th meeting was held in the Cosmos Club Auditonum, Saturday 
evening, May 7, 1932. The meeting was called to order at 8:15 P.M. by 
President Tuckerhan. 

Program: Richard Courant: AUemating dectric currents in the earth and 
their application. 

Disinissed by Messrs. Hawkeswohth, Gish, Ramberg, Gibson, Dantzig, 
and Tdckerman. 

Informal communication. O H Gish reported upon the phenomenon of 
earth<currents flowing consistently upward towards the top of lulls and 
mountains. An explanation for this phenomenon was suggested based upon 
systematic differences in hydrogen-ion concentration between the top and 
bottom of the hills and mountains. 

1040th meeting 

The 1040th meeting was held in the Cosmos Club Auditorium, Saturday 
evening. May 21, 1032. The meeting was culled to order at 8 15 P M. by 
President Tuckerman. 

The proposed changes in by-laws, recommended at a special business 
meeting of the General Committee called by the President on May 5, were 
voted upon at this meetmg and adopted as follows’ 

Article I, Sec. 6, after “Treasurer,” first line, insert “or in his absence or 
inability to act, the Acting Treasurer provide for in Article I, .Sec. 7.” 

Add, Article I, Sec. 7, “The general Committee shall have power to desig- 
nate any one of its members except the President, a Vice-President or a 
Secretary as Actmg Treasurer to sen-e dunng the absence of the Treasurer 
or his inability to act ” 

The purpose of the above amendments is to make it possible, especially 
dunng the present depression, for changes to be made in the Society’s mvest- 
ments in case of an emergency dunng the absence or illness of the Treasurer, 
who now IS the only person having access to the Society’s secunties 

Program: H. H. KImball: Solar radiation as a meteorological factor — 
Variations in the Earth’s solar distance cause vanations m the intensity of 
solar radiation at the outer limit of the Earth’s atmosphere of very nearly 3.5 
per cent on each side of the mean, with the maximum early in January and 
the minimum curly in July. 

Vanations in solar declination cause seasonal variations m the daily totals 
of solar radiation as measured at the surface of the Earth, which are small at 
the equator, but increase rapidly with latitude At HaMina, Cuba, latitude 
23“ 09'N., the average daily amount at the time of the summer solstice is 
about double that at the time of the winter solstice; at Washington, D C , 
latitude 38“ 56'N , the corresponding ratio is about 3 5, at Stockholm, Sweden, 
latitude 59“ 21'N.. it is about 20, and at Sloutzk, U.S S R , about 40. 

Following explosive volcanic eruptions the great quantity of dust thrown 
into the atmosphere, some of it to great heights, has dimim^ed the intensity 
of the direct rays of the Sun os received at the Earth’s surface from 15 to 25 
per cent for penods of several months. Such explosions, with their accom- 
panying dust-clouds, occurred in 1883, 1888-1891, 1902, and 1912, and a 
alight cooling of the Earth as a whole seems to have followed. On the other 
hand, there have been no such eruptions since 1912, or during a period of 
nearly 20 years, and AngstrOm is of the opinion that on account of the small 
amount of dust now present in the stratosphere the temperature of the Earth 
should be dightly hi^cr than usual. 
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F<}r Bolar constant values it has been oUdmed that peviodidtles of from 68 
to 8 months exist, with amplitudes from 0.005 to 0.014 calories, or about 
0.3 to 0.7 per cent of the mean value, .^so, that thm« are shorty-period trends 
in values, with an average length of 6 da^ and an average amplitude of 0.8 
per cent. To these short-period trends of less than one per cent in magnitude, 
have been attributed the major ehangea in weather. 

A careful study of these vanous variations in the intensity of solar radia- 
tion leads to the conclusion that weather changes are brought about, not by 
short-period trends of leas than (me per cent, but by the many-fold (iifferenoe 
in the intensity of the solar radiation received by tto Earth in equatorial and 
polar regions. As a rrault great temperature differences exist between these 
regions. Gravity causes the heavy cold air to displace the lifter warm idr 
at the surface, and a polar-equatorial (drculation is set up, turoulent in char- 
acter, especially in winter when the temperature difference is most marked. 
Well-defined movements of this character are to be found cm the weather 
maps of the different countries, and examples are shown in this paper In 
reproductions of weather maps for the Umtra States. It is to studies of this 
turtiulent p(>lar-equator movement of air that meteorologists look for im- 
provements in weather forecasting, and it is for such studiM that the mete- 
orological woik of the Jubilee Intematumal Polar Year 19SS-19SS is now being 
organised. 

As stated by the Chairman of the Commission for the Polar Year, “The 
further that extensions have been made of the dynamical theories of air 
interaction in moderate latitudes for practical forecasting purposes, the clearer 
has it become that atmospheric processes in the polar r^ons of both hemi- 
spheres play a predominant part. These regions are very often the source 
of the surges in the atmosphere whose necessary outcome are the weather 
variations at low latitudes. An intimate study, therefore, of the behavior 
of the atmosphere in high latitudes has now become a necessity for the exten- 
sion in knowledge of weather processes.” {Author’e abetract.) 

Discussed by Msbwin, Curtis, Humphreys, Littlehalxs, Gibson, and 
Hazard. 

W. J. Humphreys; If Qreerdand’e tee ehould melt . — If all the ice on Green- 
land should melt, so also would the ice on Antarctica and every part of the 
world. From recent depth soundings of this ice, and from other evidence, 
it seems that the melting of it all would raise the level of the oceans about 150 
feet. This would be a ^amity of the highest order, since it would mean the 
abandonment of many great cities and much rich coastal land. Furthermore, 
the melting of the ice would cause profound chmatic changes. Storms then, 
owing to the relatively small temperature contrast between poles and equator, 
would be few and feeble, and mainly pass at much higher latitudes than they 
now do. Hence all mid-latitude regions would then be semi-arid to desert. 

This disastrous condition, which appears to have been the world's normal 
state through much the greater part of its history, may again be upon us in 
only a few thousand years, and will be if the ice continues to melt in tne future 
as, on the average, it has melted since the maximum advance of the last 
glMial sheets, some 30,000 years ago. Of course, the retreat of the ice may 
cease at any time and a greater or less advance begin. That often has hap- 
pened, and an advance could now be started bv cert^ minor geologic changes. 

Presumably a number of suitably installed and properly liMiated gajm 
would soon tell us definitely how fast the oceans are ^ng up; how rapidly, 
therefore, the ice is melting, and how swiftly the world is passing Into its 
oustoma^ semi-arid and more or less desolate state. (Author’s abetract.) 

Discussed by Messrs. Littlbhalbs, Tuckxrman, Curtis, Drydbn, and 
Wright. 


G. R. Watt, Recording Secretary. 
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GEOPHYSICS . — On the flow of haU from a rock stratum in which heat 
is being gevfiraled.^ C. E. Van Orstrand, U. S. Geological 
Survey. 

Numerous investigators have made the assumption that heat is 
developed in certain formations, particularly in oil sands. A possible 
test of this hypothesis consists in comparing the theoretical depth- 
temperature curves obtained on the basis of a generation of heat in a 
single stratum with the observed depth-temperature curves. Stated 
geologically, the problem is this: 

Let it be assumed for convenience that the earth is a cooling globe 
and that the strata are parallel to the horizontal surface of the ground. 
After the lapse of several hundreds of millions of years (i, heat is 
supposed to be developed in one of the thin horizontal layers at a 
constant or variable rate for a very long interval of time U It is 
required to determine the nature of the depth-temperature curves 
after the earth has cooled for /i -1- / years, during which tinae heat was 
developed in one of the strata for the last t years of the period ti + /. 

Mattiematically, we have to determine the solution for the semi- 
infinite solid subject to the conditions; — 

V — /i(x) when — o and ® ^ o 


m » 

U » h “ 

X 

t 0 


/(X) » 

t - o “ 

X 

g o 


o “ 

I “ 

X 

— o 

(1) 

o “ 

< go “ 

X 

- o 


' 

( > o “ 

X 

“ x' 



These equations and inequalities state that a permanent heat source, 
t' >■ ^((), is maintained at a distance x' from the face of the slab; that 
the surface of the slab, x o, is maintained at constant tempera- 

‘ Publlahed by permimion of the Director, U. S. Geological Survey. Received 
August 12. 1232. 
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ture, V -> o, for all values of the time; and that the temperature dis- 
tribution in the slab at the time, t - o, when heat is first generated 
in the slab is, v — f(x). This relation results from the cooling of the 
slab from the initial temperature distribution, v » fi(x), through the 
time interval U. That is, in the course of t, years, the function, 
V = becomes, v - fix), which is now the temperature distribu- 
tion in the slab at the time f ■- o. 

In addition to satisfying conditions (1), it is necessary to satisfy 
the fundamental equation of heat conduction, namely, 




(2) 


in which k is the coefficient of diffusivity of the rocks above and below 
the plane, x x', on which the heat is supposed to be concentrated. 
To be strictly accurate, the thickness of the heat-generating bed 
should be taken into account, but inasmuch as the distances traversed 
by the heat are very great in comparison with the thickness of the 
bed, it will suffice for a first approximation to assume that all of the 
heat generated in the bed is concentrated on the plane, x -> x\ from 
which it flows in both directions. 

Various methods of procedure arc possible. Let us adopt the 
method of heat sources in which sources of negative intensity (sinks) 
in the negative portion of the plane correspond to equal positive 
sources in the positive portion of the plane. The solution consists 
in performing the summations for all of the sources and sinks from 

X-i+o.tOX--oo. 

That portion of the solution in which the instantaneous heat sources 
and sinks represent the arbitrary temperature distribution, v « 
fiix), when the earth first began to cool is given by the equation* 


Now let us assume that the earth cooled from an initial temperature, 
Vo, then V, - /i(x), and (3) becomes 


Vi “fix) 


_ 2 ^ 

■ 




(4) 


To this equation, calculated for the time interval t, + I, we must 
add the rise in temperature due to the single heat source at x -• x'. 


* L. R. Inoersoll and O J Zobkl. An inlroduclion to the theory of heat eonduetion. 
(Ginn and Co ) pp. 76-77. 
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In order to maintain a constant zero temperature at the surface of 
the earth, we must add an equal sink at x — -z'. Hence we have 
for the instantaneous source and sink 


t' 



(*■ - «)» 
4<l 



(5) 


in which ^(0 has been replaced by where 

= g/pc (6) 

is the rise in temperature in 1 cc of rock at the source, density p, spiecific 
heat c, due to the development of g calories of heat per sq. cm. per 
sec. on the plane, x = x'. 

The permanent source and sink resultmg from (5) is 






■ vr-T' 



( 7 ) 


To integrate (7), put 

^ (x' - x)» 


■ 4ic (f - O 


then we have 

da 

di' = 2(t - n ^ 


a' 


(x' + x)^ 
4 « it - f) 


dt' - 20 - 0 ^ 


Substituting these expressions in the respective terms of (7), 



in which the indeterminate form in the upper limit has been put equal 
to «. 


Making use of the relations. 



a 


- l;n -0 
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2 J* 6~ *' d® - Vir • J* c *' d® 


we have for the mtegral 






X (® ' — ®) 2 


Sr 


e d/9 


(®' +^ 2 

'V^l 




= V, a 

in which the contribution from the source is 

(x- - ®) 


Ux = P, 


Vi 

■VT." 


2k 


( g' “ x) 
2 k 


+ 

and the same for the sink is 

Vf 




LVtk 


'2k 


( 9 ) 


(10) 


(x' + ®) 

2k ' 



( 11 ) 


As the numerical value of U| in the negative portion of the plane is the 
same as that of Us in the positive portion of the plane, it follows that 
our problem is the same as that of a source at ® - ®' and a perfect 
absorber of heat at ® - o in the sense that the heat which reaches the 
surface of the ground is lost to the system. In their interesting and 
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important researches on the diffusion of substances, Stefan* and Rob- 
erts-Austen* assumed that a plane surface perpendicular to the x- 
axis at the origin acts as a perfect reflector in which case that portion 
of the curve in the negative part of the plane is considered to be posi- 
tive instead of negative. 

The required temperature is 


*> ” i>i -I- f, (12) 

The value of the time required in computing ri from (4) ia h + t. 
Making the appropriate substitutions in (4) and (9) it is found that all 
of the conditions in (1) are satisfled and as each source and sink is an 
integral of (2), it follows that the summation of these terms likewise 
satisfies (2). Carslaw* gives a solution similar to (12) when the source 
*(t) is at the origin. Wright* discusses the same problem when the 
initial temperature of the semi-infinite solid is zero. 

Equation (9) holds between the limits x - o and x - x\ Inter- 
changing X and x' in (8) and carrying out the usual integrations, we 
have 



Equation (13) is to be used instead of equation (9) lietween the 

limits X » x' and x » + «> . In the limit, when 1 - od , equations 

(9) and (13) give for the final temperature distribution 

V =■ v^/k X = o to X - i' (9a) 

V *= Vgx'/K X - x' to X => 00 (13a) 

*M.J Stbfan. Ober die Dijfuiionder PlUamgkeilen K Akad Wua Wien Sitiungs- 
ber 79: 101-214 1879. 

* W C Robbrtb-Avbtkn On the diffusion of metals. Ruy. 8oc Tjondon Phil 
Trana. U7A: 383-416. 1890. 

' H S Carslaw. The eonduetion of heat (MBomdlan Co. 1921 } p 173 

* C. E WaiaHT. Note an a problem in the conduction of heal Phil. Mag 18: 1016- 

1019 1931 
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temperature due to a heat source at depth of 300 1 
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1 — Rise in temperature due to a heat eouroe at depth of 1500 meters 
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These equations are represented in Figures 1 and 2 by the respective 
lines, oa and ab. In the latter case, bv/bx -■ o, and heat has ceased to 
flow from the source in the direction of increasing values of x. From 
(6), (Oa), and the relation, « — k/pc, where k is the coefficient of 
thermal conductivity, the flow of heat across a plane perpendicular 
to the depth axis between x - x' and x - o is 


^ ^ kv, 
hx ” It ' 


that is, in the limiting state, the quantity of heat per unit time per 
imit area escaping from the surface of the earth is the same as the 
quantity of heat generated per unit time per unit area on the plane, 
X - x'. In the case of a bed of thickness n centimeters, 

, bv knv, 

A: — - nq 


and the temperature at the top of the bed, depth x', is 


V 


dx 


x'nq 
' k * 


From the bottom of the bed, x' + n, to the point x = + » , the tem- 
perature is approximately 

x'nq n(n -j- i)q 
^ ~ k ^ 2k ' 


Tables 1 and 2 contain the coefficients « of v, in equations (9) and 
(13) computed for permanent heat sources at x' - 300 meters - 084 
feet, and x' - 1500 meters - 4921 feet, for t - 1000 years, 10,000 
years and so on. The products of these coefficients a and r, represent 
temperatures on the centigrade scale when q is expressed in calories 
per square centimeter per second. The last digit in the tabulations 
may not be correct. 

The curves in Figures 1 and 2 show the rise in temperature (r,) 
when g = 1 X 10 ’ calories per sq. cm. per second, p » 2.8, c - 
0.25, and a, - q/pc - 1.4286 X 10- ’"C. This value of q is the equiv- 
alent of 3.156 calories per year which is a close approximation to the 
value of 3.0 calories per year obtained by Richardson and Wells’ 

’ L. T Richardson and R. C Wkliji The heal of mlulion of tome polath mtneralt. 
This Journal, SI: 24^-248. 1931 
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aa a poasible value of the annual quantity of heat absorbed in the 
potash beds in Texas and New Mexico. For any other value of 
Vf, say Vf', and the same thermal constants, it is only necessary to 
multiply the ordinates of the curve by In the case of absorption 

of heat, Vt in (12) is negative. 

With increasing depth of source, the curves for short intervals of 
time tend to become more and more symmetrical. The maximum 
temperature towards which the source constantly ajiproaches is 
v^'/k. These maxima are obviously points on the straight line, 

V - V^/ic. 

For large values of and small intervals of time t, the curves show 
that the quantities vi which are to be added to or subtracted from the 
depth-temperature curve Wi increase rapidly as the source is ap- 
proached, showing a marked convexity of the curve towards the depth- 
axis, after which they drop leas rapidly to a zero value. A large 
abnormality of this kind superposed on the depth-temperature curve 
Vi, which is practically a straight line, should be capable of detection in 
the field; but, with increasing time, regardless of the value of that 
portion of the curve over which it is possible to make observations 
is also very nearly a straight line, consequently, the final temperature 
distribution is the sum or difference of two linear distributions. In 
the case, therefore, of long intervals of time, the only evidence of ji 
heat generating source in approaching an oil-bearing bed or other heat 
generating stratum is the large value of the gradient, or the small 
value of the reciprocal gradient. The only criterion that can be 
applied in this case is the comparison of gradients over the oil-beanng 
iuid the adjacent non-oil-bearing area. With sufficient care in ob- 
taining true rock temperatiues, the validity or invalidity of the hypo- 
thesis should be capable of experimental confirmation. The effect 
of the heat generating source would be greatly magnified by erosion 
and steeply tilted beds. 

I am greatly indebted to my assistant, Mr. H. Cecil Spicer, for the 
exceptional care and skill with which he has evaluated equations (9) 
and (13) for me. The results are summarized in Tables 1 and 2 and 
represented graphically in Figures I and 2. 
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GEOCHEMISTRY. — Hydrogenr4on concenirations caused by the solu- 
tion of silicate minerals.* R. E. Stevens, U. S. Geological Sur- 
vey. (Coimnunicated by R. C. Wells.) 

Hydrogen-ion concentration has been found to be an important 
factor in chemical equilibria of all kinds and its applications to biology, 
industrial chemistry, agriculture, physiology, bacteriology, and other 
fields, have been numerous and of great value.* Its importance in 
geochemistry seems obvious but here the influence of hydrogen-ion 
concentrations has been little considered. Recently W. R. G. Atkins' 
discussed its importance in this field and made a number of prelimi- 
nary measurements on rocks and minerals. The hydrogen-ion concen- 
tration, or pH, largely determines the composition, and perhaps in 
many cases the crystal form, of minerals separating from solution. 
Alteration and corrosion arc likewise affected by pH. Inorganic re- 
actions of all kinds are dependent on hydrogen-ion concentrations, 
examples of particular interest to geology are the relations in sulphide 
and carbonate equilibria. The coagulation of colloidal material held 
in solution may also be caused by change in pH. Alkalinity or acid- 
ity, conveniently expressed in terms of pH, plays an important r61e in 
geochemical changes. 

Waters percolating through the earth’s crust l>ecome acid or alkaline 
o\\ ing to materials dissolved from the rocks, and if an abundance of a 
certain mineral is encountered equilibrium is established with this 
mineral, resulting in a definite equilibrium pH. The effectiveness of 
each mineral would be dependent upon its ease of attack and abun- 
dance. The earth’s crust is largely composed of silicate minerals and 
they would play a major part in maintenance of pH. F. W. Clarke' 
says, “In the solid crust of the earth the silicates are by far the most 
important constituents. They form at least nine-tenths of the entire 
known mass and practically all the rocks except the sandstones, quart- 
zites, and carbonates . ” 

' Received AuRust 17, 1932 Publuhed by permiiwioa of the Director, U S Geologi- 
cal Survey A more extended paper dealing with thin subject entitled "Studies on the 
alkalinity of some silicate minerals" will be published by the Geological Survey in Pro- 
fessional Paper 176 

■ See Clabk, W M , The determination of hydrogen ions, p 649, Williums and 
Wilkins, Baltimore 1928 

* Atkins, W. R. G Some geochemical appbcahoTU of measurements of hydrogen ton- 

concentration. Royal Dublin Hoc Sci Proc 19: 466-460 1930 

* Clarkb, F. W. The constitution of the natural siticotes U. 8 Qeol. Survey Bull 
6S8: 5. 1914 

* See for example Bouvoucos, Q J ftote and extent of eolubility of minerals and rocks 
under different treatments and conditions Michigan Agr Exper. Sta Tech Bull. 60 
1921 
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That silicate minerals are attacked by water has been shown by 
field observations, and laboratory measurements* have revealed, in 
a general way, the extent and mechanism of the process. The mineral 
does not dissolve as a unit but by hydrolysis the alkali is taken into 
solution, leaving colloidal complexes of silica and alumina. The solu- 
tions, therefore show a high pH well on the alkaline side. Many of 
these minerals give much more alkaline solutions than do the carbon- 
ates, calcite and dolomite, although the importance of silicate minerals 
as sources of alkali has seldom been considered. 

Because the discussion of hydrogen-ion concentrations involves prin- 
ciples not as yet broadly applied to geology, it seems wise to explain 
these briefly. 

Water ionizes to a limited extent to give hydrogen and hydroxyl- 
ions thus; 


HOH H+ + OH- 


The extent of this reaction is slight but definite, and in pure water the 
number of hydrogen-ions would be the same os the number of hydroxyl- 
ions. When other substances in the water are present, however, there 
is usually more of one than the other of these ions, and use is then 
made of the fact, based on the law of mass action, that the product 
of the concentration of H+ and OH“ is a constant, iC«,. That is, 

= [H"*] [0H“], where the bracketed quantities represent concentra- 
tions or activities. In pure water at 25®C. each ion, H+ and OH", 
is present in a concentration of 1 X 10-^ gram ion per liter, so that 
> 1 X 10'**. By adding acids the hydrogen-ion concentration is 
increased and the hydroxyl-ion concentration is decreased proportion- 
ately, maintaining the constancy of iC«,. Strong acids are highly 
ionized, giving a large hydrogen-ion concentration, and nitric, sul- 
phuric, and hydrochloric are among these. Weak acids, that are 
feebly ionized, are acetic and silicic. In like manner alkali increases 
the hydroxyl-ion concentration. Alkali and alkaline earth hydroxides 
are strong bases while ammonium hydroxide is a typical weak one. 

The constancy of K. makes it possible to express the concentration 
of both of these ions by merely stating the hydrogen-ion concentration. 


By expressing this in terms of pH, where pH - log — , the fractional 

IH+J 

figures for hydrogen-ion concentrations are reduced to simple whole 
numbers. As the hydrogen-ion concentration of pure water is 1 X 
10-», water or neutral solutions are at pH » 7, acid solutions are at pH 
less than 7, and alkaline solutions at pH greater than 7. 
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The hydrolysis of silicate minerals is simply illustrated by the reac- 
tion of water with wollastonite, CaSiOf, shown in the following equa- 
tion: 


CaSiO, -h 2HOH Ca(OH), + H,SiO, 

The silicic acid thus formed has but little effect on pH as it is weakly 
ionized and largely precipitated as SiOj. Calcium hydroxide is a 
strong base, however, and it is almost completely ionized so that the 
dilute solution thus produced is strongly alkaline. Thus wollastonite 
was found to generate a high pH (11.17) when acted upon by water. 

These measurements of mineral pH are a rough index of the amount 
of decomposition taking place and of the relative stability of the 
mineral in water. This follows also as a result of the law of mass ac- 
tion, for solutions containing a large concentration of hydroxyl-ions 
derived from relatively soluble minerals would inhibit further forma- 
tion of that ion from the decomposition of more stable minerals and 
thus prevent their solution by hydrolysis. 

Numerous methods were tried in preparing these solutions of sili- 
cates. Owing to the protective action of the colloids of silica and 
alumina formed, it was necessary to expose as large a surface as pos- 
sible to water and to remove these protective films. Methods con- 
sisting of boiling and of churning the water containing finely ground 
minerals produced results that were considered too low and that could 
not be duplicated. By grinding the mineral to a heavy suspension 
with a few drops of water in an agate mortar a maximum pH seemed 
to be reached after two minutes of grinding and check determinations 
showed close agreement. Furthermore the mineral was so easily 
attacked in this way that an acid buffer solution could be quickly 
made alkaline, approaching closely the pH obtained when the mineral 
was ground in pure water. 

The colorimetric determinations were made by grinding the mineral 
for two minutes with one drop of water free from carbon dioxide and 
one drop of the appropriate indicator solution and comparing the color 
product with that of a standard buffer solution of known pH, con- 
taining an equal quantity of the indicator. The quantity of mineral 
used had no measurable effect on the results, provided there was suffici- 
ent to give a heavy suspension. It was found that the color compari- 
son could beet be made by drawing the solution by capillarity into glass 
tubes of 1 mm. bore, keeping them upright for about a minute to 
allow mineral particles to settle as much as possible, and comparing 
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Table 1. Rebcuts of Coloribetric Determinations 


1 

i 


Snuna 

Coinpcwitinn 

pH 

1 

Beryl 
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4 
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Muscovite No 1 

Utah 

H|KAl|(8i04)a, Soncilf, line pow- 
dery variety 

7 8 

7 

Do No 3 


Du 

8 4 

8 

Do No 6 


Do 

8 6 

9 

Do No. 2 


Do 

8 6 

10 

Do No. 6 


D<> 

8 7 

11 

Do No. 4 


Do 

0 0 

12 

Calamine 


(ZnOH), SiO, 

8 8 

13 

Biotite 

Philadelphia 

(H,K),(Mg,Fe),Al.(SiO,), 

0 0 

14 

Pollucite 

Buckfiold, Me 

H,Cs,Al,(SiO,). 

0 0 

16 

Anthophyllite 

Montana 

(MK,Fe)f»iO, 

0 u 

16 

Laumuntitc 

Mordon, N S 

H«CaAl,SitOi4 2H,U 

0 1) 

17 

Orthoclaso No 2 

Maine 

KAlSi.0. 

8 8 

18 

Do No 1 

Dead wood, S 
Dak 

Do 

0 2 

10 

Spodumeno 

Maine 

LiAKbiOi), 

0 2 

20 

Clinochlore 

Chester County, 
Pa 

H,MK.Al,8i.O>. 

0 2 

21 

Albite No 1 


NaAI8i.O. 

0 4 

22 

Do No 2 


Do 

9 7 

23 

Wyomingite (Txiu- 
oite) 

Wyoitnnn 

KAl(8iO,), (?) 

0 4 

24 

TiSbradorite No 2 


NaA18i.O. 3CaAl,Si,0. (?) 

0 4 

26 

Do No 1 


Do 

9 8 

26 

Margarite 

Chester, Maas 

H,CaA1.8i,0,> 

0 R 

27 

Natrolite 


Na.Al,Bi.Oi.-2H,0 

10 0 

28 

Epidote 


Ca,(A10H)(Al, Fe),(SiO.). 
Varies 

Ca(MK,Fe).(BiO.)4 

10 0 

20 

Actinolite 

Roan Mtn , 

Tenn. 

10 0 

30 

Phlogopite 


HO^MgiAKSiO.), (?) 

10 1 

31 

Diopside 


CaMg(BiO.), 

10 1 

32 

Hornblende 


CaMg,(BiO.)4 with Na,Al>(SiO.)4 
+ Mg>Al.(8iO.), 

10 2 

33 

Olivine 

Willits, N. C. 

(Mg,Fe>.8i04 

10 2 

34 

Thulite 


HCa,Al.Si.O,. 

10.2 

36 

Talc 

Eklwsrds, N Y. 

H.Mg.(SiO.). 

10 2 
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Table 1. Buolts op Colobimbtbic Dbtkbhinations— Concluded 


i 


Souro* OompodUon 

pH 

36 

Pyroxene 



CB(Mg,Fe)(8iO.). 

10 2 

37 

l^mohte 

No 

1 

H.CB.Mg.(SiO.). 

10 2 

38 

Do 

No 

2 

Do 

10 2 

30 

Pectolite 



HNaCB,(SiO.). 

10 4 

40 

Prehnite 

No 

3 

H.Ca.A1.8i,0,. 

10 2 

41 

Do 

No 

2 

Michigan Do 

10 4 

42 

Do 

No 

1 

Do 

10 6 

43 

Apophyllite No 

1 

H,KCa4(SiO.).-4i H,0 

10 4 

44 

Do 

No 

2 

Do 

10 4 

4S 

Wollaiitoiii 

te 


CoSiO. 

10 8 

46 

GlAsa 

No 

KW 

SiO. 76 48; Na,0 16 28; CaO 

11 2 





9 26 


47 

Do 

No 

1.36> 

SiO, 78 40; Na,0 16 17; CaO 

11 4 





0 21;Mr0 6 22 



" Analysis by F W OtAU, V S. Biumu ot BUndards 


colors against a white background in indirect sunlight. For certainty, 
colors were duplicated several times and whenever possible checks 
were r\m using different indicators. The indicators and buffer solu- 
tions were selected from Clark's treatise, “The determination of hy- 
drogen ions.” 

Colorimetric determinations on representative minerals are given 
in Table 1. The results are in good accord with field observations on 
the stability of these minerals and a relation to composition may be 
seen — the highly basic minerals giving a high pH. Tests on different 
samples of the same mineral (see muscovite, orthoclase, albite, labra- 
dorite, tremolite, prehnite, and apophyllite) show a rather limited 
range of pH for the same mineral and, it is judged, differences are 
due to impurities, incipient alteration, possible varieties in the species, 
and similar variations inherent in natural products. The alkalinity 
found for calamine in particular seems the result of impurities and not 
of its true composition. Nevertheless, the results as a whole show a 
remarkable gradation of pH between those minerals that are easily 
attacked by water and those that are relatively stable. 

llie determinations on glass might be of interest to glass technolo- 
gists. Results on two glasses of known composition are shown at the 
end of Table 1. Glasses tested having a higher content of alkali than 
these gave pH figures above 12 and could not be readily measured, 
while pyrex glass gave about pH » 8. This pyrex glass and the more 
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alkaline ones tested represent extremes of durability and show wide 
contrast in the test. The results for glass are of interest to mineralo- 
gists in that they show the effect of increased alkali content. 

A more quantitative study of pH of a selected group of the minerals 
was made with the hydrogen electrode. Because the volume of 
solution prepared from the minerals was small a microelectrode was 
used. A simplified form of the one described by Bodine and Fink* 
was found to give good results. The hydrogen was generated elec- 
trolytically from caustic soda solution and passed over copper gauze 
at SOO^C. before entering the electrode vessel. For the preliminary 
measurements a normal calomel half cell served as reference electrode 
but in most of the measurements the tenth normal electrode, recom- 
mended by Clark, was used instead. A saturated potassium chloride 

Tablh 2 Ekkrt ok Cahbon Dioxide on I'H 
M ATKRIAI. tIKKD, Gl AHK No 135 

(Two MINl/TP OniNDlNON, NORMAl. I'AUIMEL KJ.BtTUODK CMKD) 

1 Ground in aih 

25*0 25"C 2G'’C 2H‘'C 

0 9468 0 9555 0 9491 0 9490 

II 21 11 36 11 21 11 15 

11 21 Maximum ilcviatioii li 13 

2 Ground in NiTRoobN frbk thou i-akbon dioxide 
Temperature 27°C 27”C 27°C 28'C 28'C 

E M F 0 9000 0 9075 0 9050 0 9680 0 9710 

pH 11 47 11 49 11 46 11 47 11 51 

Average pll 11 48 Maximum deviation 0 01 

bridge connected the two electrodes; a thermometer dipping into the 
potassium chloride showed the temperature at which measurements 
were made. The e.m.f. of the resulting cell was measured with a Leeds 
and Northrup, Type K, potentiometer and from this e.m f. the pH of 
the solution was calculated. 

It was expected that the results determined colorimetrically would 
be somewhat low, due to the effect of atmospheric carbon dioxide, and 
this was shown electrometrically by preparing the solutions in nitrogen 
free from carbon dioxide. A rubber diaphragm was stretched over the 
top of the mortar, fastened down with paaae-partout, with small holes 
for the nitrogen inlet and for insertion of the pestle. The air was 

* Bodinb, J H and Fink, D. E. A aimple micro vctsel with eieclrode for detemtinxng 
tht hydrogen wn concentration of email amounte of fluid Jour Gen iihyaiol 7: 73S. 
1925 


Temperature 

B M F 
pn 

Average pH 
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Tablb 3. Timk of Qiundino Nuobd to Rbaoh Equiubrium 
(Normal calohbl rlbctbodb uhrd) 


Temperature 
E. M F 
pH 

Average pH 


(a) One ihnotr obinoino 
G laas Mo. 136 


80 ‘’C ao-c. 

0 9680 0 9685 

11 40 11 40 

11 40 


Spodiunene 
30°C 80*C. 

0 8280 0 8330 

9 OS 9 16 

9 11 


Temperature 
E M F 
pH 

Average pH 


(6) Two MINUTES ORINOINO 

2rC 27*C. 30°C 

0 9660 0 6675 0 8410 

11 47 11 49 9 28 

11 48 


30“C. 30"C 

0 8450 0 8430 

9 36 9 32 

9 32 


Temiierature 
E M F 
pH 

Average pH 


(c) Three minutes obinoino 

30«c 30"C arc 

0 0745 0 9760 0 8470 

11 60 11 63 9 36 

11 61 


31*0 3l°C 
0 8420 0 8430 

9 27 9 29 

9 31 


Table 4 Results or Electrometric Measurements 




Colorinotrlo 

Elaotio- 

. No of 

Maiimum 

d»v1»tk>n 




pH 


tlou 

from 

lura'C 


Calcite 

9 0 

(Atkins, 

9 03 

2 

0 02 

26 



1930) 





14 

Follucite 

9 0 

8 96 

2 

0 02 

26 

17 

Orthoolase No 1 

9 2 

9 18 

3 

0 03 

28 

19 

Spodumene 

9 2 

9 31 

6 

0 05 

30-31 

22 

AlbitoNo 2 

9 6 

9 84 

2 

0 04 

28 

27 

Natrolite 

10 0 

10 06 

2 

0 03 

28 

37 

Tremolite No 1 

10 2 

10 50 

3 

0 02 

22 

38 

Do No 2 

10 2 

10 17* 

3 

0 06 

24 

44 

Apophyllite No. 2 

10 4 

10 79 

3 

0 02 

26 

46 

Wollaatonite 

10 8 

11 17 

3 

0 01 

24 

47 

Olaas No 135 

11 4 

11 49 

7 

0 04 

27-30 


' PrabaUr too low CaotalMd • 
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swept out and the diaphragm inflated with nitrogen during grinding 
of the mineral. One of the more alkaline materials, glass No. 136, 
was selected for the test, that the effect might be more pronounced, and 
the results in Table 2 show that carbon dioxide lowered the pH figure 
by 0.25 pH and caused wide variations. Results where carbon dioxide 
was eliminated deviate from the average by only 0.03 pH unit. There- 
fore in all subsequent determinations carbon dioxide was eliminated. 

The time of grinding could be extended to three minutes without 
the solution becoming so thick due to evaporation that measurements 
could not be made, and results in Table 3 show the effect of one, two, 
and three minute grindings. These results indicate a close approach 
to equilibrium in two minutes. All electrometric results were ob- 
tained after grinding the mineral in water for two minutes. 

Minerals containing oxidizable materials, such as iron, chromium, 
and manganese, had to be avoided as they caused low electrometric 
readings. 

The results of the electrometric measurements on a number of 
minerals are given in Table 4. The degree of reproducibility seems 
remarkable, no determinations varying from the average by more 
than a few hundredths of a pH. The result for calcite, CaCOi, checks 
closely the colorimetric determination by Atkins, whose work is re- 
ferred to early in the text. In general the electrometric and colori- 
metric results are in fair agreement, small deviations being accounted 
for largely by the action of carbon dioxide. 

Summary 

By grinding silicates under water, solutions with characteristic and 
reproducible pH values have been obtained. The colorimetric and 
electrometric results show that silicate minerals, when acted on by 
pure water, give highly alkaline solutions, and their importance as 
regulators of geochemical changes is indicated. The pH values ob- 
tained are a rough index of the weathering qualities of the mineral. 
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ZOOLOGY. — A new amphipod of the genus Leptocheirus from Chesa- 
peake Bay.’ Clarence R. Shoemaker, U. S. National Museum. 
(Communicated by W. L. Schmitt.) 

Recently while studying the amphipods of the genus Leptocheirus 
contained in the National Museum collection, I noted that specimens 
taken in the upper half of Chesapeake Bay by the U. S. Bureau of 
Fisheries during its biological survey in 1920 and 1021 belonged to a 
new and undescribed species, for which I now propose the name 
Leptocheirus plumuloatis. The only other species of this genus known 
from the eastern coast of America, Leptocheirus pinguis (Stimpson), 
is veiy abundant off the coast of New England and has been recorded 
from the Gulf of St. Ijawrence south to the mouth of Chesapeake Bay 
(37®N., 74"W.), where a single specimen was taken by the Albatross 


L. plumulosus was taken at six localities ranging from the mouth of 
the Potomac River northward to the mouth of the Patapsco River, at 
depths between 0 and 43 fathoms. 

The specific name plumulosus is given in reference to the extremely 
feathery appearance of the second joint of the third, fourth, and fifth 
peraeopods. 

Description, male. — Head with lateral angle prominent and broadly round- 
ing. Eye ovm, black and rather small Antenna 1 shorter than antenna 2, 
first joint stouter and lunger than second which is stouter and longer than 
third, flagellum a little lunrar than jicdunclc and composed of about seven- 
teen joints, accessory flagellum about equal in length to third peduncular 
joint and consisting of four or five joints the last of which is very small 
Antenna 2, fourth joint slightly longer than fifth, flawllum shorter than 
peduncle and consisting of about fourteen joints Mandible with secondary 
plate well developed, eight spines in spme-row, molar well developed and 
bearing a small accessory tooth at its base opposite the spine row, and also 
a plumose seta at its inner comer, palp with first, second, and third joints 
increasing slightly in length consecutively Maxilla 1, inner plate rather 
long and bearing a single terminal plumose seta; outer plate with eleven 
serrate spine teeth , palp bearing five apical spines and several setae. Maxilla 
2 not differing from that of other species of the genus Maxillipeds about 
as figured by Sars for L pilosus * Ixiwer lip with inner and outer lobes well 
developed, mandibular processes rather small. Side-platc 1 nut produced 
forward, margins sli^tly convergmg toward the evenly rounding lower bor- 
der which is b^t with a row of &ie plumose setae Gnathupod 1 robust and 
strong; fifth and sixth joints about equal m length; sixth joint widening dis- 
toUy, palm slightly oblique with a central concavity, defining angle evenly 
rounding without defining spine; seventh joint not overlapping palm and 
with inside edge bearing a row of fine spinules. The first, second, third, 

> Published by penuission of the Serretary of the HmithHonian Institution Receiveil 
August 30, 1032. 

* O O Saks. Cruslaaea of Nonvai/, 1: pi 1S7, fig mp 



Fig 1 — Leplockeirut plumulosua, new species Male, a. Entire animal 6, Access- 
ory flagellum. e, Lowrorlip rf, Slirth and seventh joints of gnathopod 1 «, Gnathopod 

1 of female. /, Sixth and seventh joints of gnathopod 1 of female, g, Uropod 8, right 
h, Telson 



Fig 2 — Ijtplocitnrut plumulotun, new Mpenee Male, a, End of gnathopod 2. h, 
Mandible, e, Cutting platea and epine-row of mandible, d, Maxilla 1. e, Inner plate 
of maxilla 1. /, End of palp of maxilla 1. g, Maxilliped h, i, Gnathopod 1 of L. pin- 
gmn, male j, k, Gnathopod 1 of L pingwt, female I, Outer ramus of uropod 3 of 
L pingnia showing rudimentary second Joint. 
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and fourth joints of gnathopod 1 are densely beset with groups, bundles, and 
TOWS of plumose setae wiiich give them a brush-like appearance, and the sixth 
joint bears five or six groups of spines on hind margin. Side-plate 2 slightly 
expanded distally. Gnathopod 2 about as figured by Sars for L piloaua, and 
having the same armature of plumose setae. Peraeopods 1 and 2 atmut equal 
in sixe and shape and are proportionally as shown in the figure of the entire 
animal. Side-plate 5 with front lobe as deep as side-plalc 4. Peraeopod 3 
with the expanded rear margin of second joint produced upward and both 
front and rear margins bearing a dense row of long plumose setae Peraeopod 
4 with rear margin of second jomt less produce upward than 4, front and 
rear margms edged with long plumose setae. Peraeopod 5 with rear margin 
scarcely at all piixluced upward, and somewhat angular, froni and rear mar- 
gins densely eoj^ with long plumose setae. Pleon segments 1 and 2 densely 
clothed on their lower parts with long, curvetl, plumose setae Pleon segment 
3 with lateral margm and lower corner evenly rounding and h<‘armg a few 
fine spinules Pleon segments 4 and 5 without dorsal teeth but each bearing 
on either side a row of four spmulcs on an oblique offset of the lateral margin 
near the dorsal surface. Uropods 1 and 2 reaching back about the same 
distance which perhaps is slightly farther than uropod 3 The spine-Iiko 
apical process of uropods 1 and 2 reaches nearly to the middle of the outer 
ramus Uropod 3 with rami short and about equal in length to the peduncle; 
the outer ramus bears a terminal group of spines of various lengths, but no 
rudimentary second joint could be observed such as is present in L. pinguts. 
In uropods 1 and 2 the outer ramus is the shorter, but m uropod 3 it is slightly 
the longer Telson broader than long, almost evenly rounding posfenorly 
and bearing about five spinules near either lateral margin 

Length —Male about 11 mm , female somewhat less 

Type locality — Fish Hawk station 89611, Chesapeake Bay, Md.: Bloody 
Pt 99®, Thomas Pt. Light 15®. March 28, 1921, 9 fathoms (Cat. No. 
68075 U S. N. M.) 

In the female the palm of gnathopod 1 is evenly convex and almost trans- 
verse with smoothly rounding defining angle which is preceded by a rather 
small spine-tooth In all other characters the female bears a close resem- 
blance to the male 

In L. plumulomui antenna 1 is shorter than antenna 2, a character which 
does not agree with Stebbing’s defimtion of the genus Neither is there a 
second rudimentary joint to the outer ramus of uropod 3,' but in all other 
characters there is such a close agreement with Leptoiheirua that I believe 
it best to include it in that genus. 

In L. pmguis the first gnathopod of the male has the palm obhque and 
about straight with a spine-tooth at the narrowly rounding defining angle; 
the seventh joint being stout, much curved and the apex only closing against 
the defining angle of the palm. Gnathopod 1 of the female of L. pinguta has 
the sixth joint much as in the present species except that it is proportionally 
longer and narrower. 

■ E. W Sexton On the Amphipod genue Leptochoiriu Proc Zool Boo lAindon 
9 : 002 1911 . 
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PROCEEDINGS OF THE ACADEMY AND AFFILIATED 
SOCIETIES 
GEOLOGICAL SOCIETY 
492nd MEETINO 

The 492nd meeting was held at the Cosmos Club, October 12, 1932, Presi- 
dent F. E. Matthes presiding. 

Program: P. B. King: Oen^l structurtilfeatureB of the CordtUeran Province. 
—This paper summarizes part of the results of a compilation made for a guide- 
book of the International Geological Congress on the structural features of 
the United States. The Cordilleran province, in a structural sense, applies to 
the area of folded and faulted rocks which lies along the western side of the 
central stable region of North America. The most active deformation in the 
provmee was m later Mesozoic and early Cenozoic time, but there was a 
complex pre-deformation and post-deformation history. The local geologic 
history and the eifeots produced by the deformation are quite different in 
different parts of the province, so that it is divisible into a number of distinct 
Bubdiviaions 

(A) Along the west coast is a chain of Coast Ranges, which is a compara- 
tively young feature. 

(B) East of the Coast Ranges is a zone of structural features which is 
typically developed in the Sierra Nevada. It is characterized by batholiths 
of laige size, and by a thick metamorphosed stratigraphic succession com- 
posed predominantly of clastic and volcanic rooks and ranging m age from 
early Paleozoic to Jurassic. This zone was intensely deformed in middle 
Mesozoic time, and was made ngid enough to transnut a thrust from the west 
to the next zone to the east. 

(C) East of the zone of structural features of Sierra Nevada type is a belt 
of strong foldmg and overthrustmg, which extends from the northern Rocky 
Mountains through the Groat Basin into the Sierra Madro Oriental of Mexico. 
The belt is characterized by great thicknesses of sedimentary rocks, which are 
of different ages in different places. In the northern Ro^es the thickest 
sedimentary rocks are of Algonkian age, in the central Great Basin of early 
Paleozoic age, in the eastern Great Basin of later Paleozoic age, and in the 
Sierra Madre of Mesozoic age The belt is characterized by great over- 
thrust faults which have mov^ from west to east, which are of early Tertiary 
age along the eastern margm of the belt. The belt directly faces the Great 
Plains near the Canadian boundary, and the Gulf Coastal Plam in Mexico. 
Between these points, plateaus and outer ranges lie in front. 

(D) About midway along the length of the Rocky Mountain belt is the 
Colorado Plateau, a broad positive area which has never been greatly de- 
formed. It has behaved as a rigid area during the Cordilleran d^ormation, 
and has transmitted the thrust from the west to the Rocky Mountains of 
Colorado and Wyoming which lie northeast of it. 

(E) The ranges northeast of the Colorado Plateau are for the most part 
bn^ open folds which reveal pre-Cambrian crystalline rocks on their crests. 
In Colorado, however, the relations are more complex. Here there is 
much more close folding and overthrusting. This is partly because these 
ranges have been reelevatcd on the site of old Paleozoic chains, and because 
of the exceptional thicknesses of Paleozoic intermontane deposits laid down 
between the earlier ranges. 
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Study of the CordiUeran province suggests that the motivating forces 
were oompressional forces whloh origmated near the Paciho border, and whose 
existence was long continued. Sedimentation has been intimately related 
to the compresslonal movements, but It was an effect rather than a cause 
The character of the sedimentation has strongly influenced the distribution 
and character of the later structural features. The diverse units of the Cor- 
dilleran province appear to have resulted from the interaction of regions of 
different degrees of competency, under the influence of the thrust from the 
west. (Author’s abutrart.) 

Discussed by Messrs. Spencer, C P. Ross, Gillult, Riwher, Hkwett, 
and Ritbky. 

K. E. liOHiiAN: Dtaiotna and their etgnijicance tn geology - I’he value of 
diatoms as stratigraphic and ecologic indicators has been greatly neglected by 
geologists in the past. Diatoms, having siliceous testa, are well preserved 
under most conditions and their abundance, both as to numbers of species and 
mdividuals, makes possible a reasonable understandmg of the environmental 
conditions obtaining during their deposition Living diatoms occur in many 
types of habitat, marine, brackish, salme, and fresh water bodies containing 
unique assemblages varying in quantity from a few hundred cells per liter to 
more than twelve million They occur nearly pure in diatomites, less so in 
diatomaceous shales, clays, mudstones, siltstones, limestones, and calcareous 
concretions. 

Diatoms occur in rocks of all geologic ages from Jurassic to Recent; older 
occurrences teing reported but not sufficiently authenticated Excellent 
diatom floras have been obtained from marme Cretaceous, Eocene, Obgocene 
(?), Miocene, and Pliocene beds in California as well as from non-manne 
Miocene, Pliocene, and Pleistocene beds in Oregon and Nevada. To cite one 
example of their value in correlation: The Temblor formation of Calif ornui, 
which has been called Middle Miocene on the evidence of molluscs, contains 
the same short-ranged species of diatoms as the Calvert Formation of Mary- 
land and Virginia, also called Middle Miocene on molluscan evidence 
(AuUwr’e abstract.) 

Discussed by Messrs Goldman, (tooKE, Capps, R.f! Wells, Stevenson, 
G. R. Mansfield, and ].add. 

BOTANIC.AL SOCIETY 

ANNUAL OUTlNQ 

A special informal field meeting and picnic was held at the Montgomery 
Sycamore Island Club on the afternoon of June 6, 1931, attendance alwut. 60. 
Through the courte^ of the Club the grounds were reserved for the Society. 

Members and their families botanized, played games, bathed in the Potomac 
and otherwise amused themselves. About 5 P. M , ice cream was served by 
the Society, individuals having furnished their own lunches 

2;I5tH MEETlNQ 

The 236th regular meeting was held m the Assembly Hall of the Cosmos 
Club on October 6, 1931. President N. E. Stevens presided; 51 members 
and guests were present. 

The following were elected to membershm: Miss Mary A. Bradley, 
Dr. J. A. Faris, Miss Falsa L. Johnson, and Dr. Earl S. Johnston. 

Reports of summer meHtnga of intereH to botanists: 

Miss Mary Brvan — The Appalachian Trail Conference in the Great 
Smoky Mountains 
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C. L. Shear.— The fungous foray at Ithaca. 

E. H. Toole.— The Sixth International Seed-testing Congress in the 
Netherlands. 

N. E. Stevens. — ^The Bartram Memorial Meeting commemorating the 
200th anniversary of the first Botanical Garden. 

M. C. Merrill. — Special field meeting of the Botanical Society of 
Washington 

Brief Notes and Renews: Doctor Waite referred to his previous remarks 
on lily pods and exhibited pods of Ltltum regale illustrating the special organs 
for keeping the seed from scattermg too soon and for keeping the pod erect. 

Program: Wild flowers of the Yosemtte Park, a two reel film by A. C. 
PiLLSBURY, shown by P. L. Ricker. 


SPECIAL MBETINO 

A special mcetmg was held in Room 43 of the New National Museum on 
October 23, 1031. Attendance, about 60, includii^ guests from the Wild 
Flower PreMrvation and from the Biological Societies. 

Program: Dr. Jakob E. Lange of Denmark — Comparative studies of European 
and American species of mushrooms and toadstools. The speaker had noticed 
on a previous tnp to tM United States that many of the species here were the 
same as those found m Europe and that some of the species had been named 
by American mvestigators on small differences. The fact that it is impossible 
to make good herbarium specimens of mushrooms and that photogmphs are 
inadequate for identification has lead to confusion between American and 
European mycologists. Printed descriptions of species as well as portraits 
paint^ by an artist are of no value for classification. However, colored 
drawmgs done by a mycologist are very useful, identification bemg easily 
made provided enough species have b^n illustrated. Bo far only a few 
hundred have been drawn by the author. The need for more intensive work 
is plainly evident. Attention was called to the wonderful opportunity which 
America has in such a program. Being a large country, under one govern- 
ment and with a common hmguago makes it possible for America to outstrip 
Europe in the study of the fleshy fungi. Colored drawings of a considerable 
number of species of mushrooms were exhibited. 

Nathan R. Smith, Recording Secretary 

236tU MEBTINO 

The 236th regular meeting was held in the Assembly Hall of the Cosmos 
Club on November 3, 1931. President N. E. Stevens presided; about 80 
members and guests were present. 

Brief notes and renews: H. B. Humphrey called attention to a Plant Phys- 
iology by E. C. Miller, recently published by McGraw-Hill Book Company. 
N. A. Cobb spoke of the Journal of the Washington Academy as a very 
prompt and efilcient means of publication for short papers and asked for 
suggestions from the Society for improvement of the Journal. The motion 
was made and carried that a committee be appointed to make recommenda- 
tions and to confer with the editor of the Journal and with Dr. Humphrey. 
the representative of the Society to the Academy. M. B. Waite remarkea 
on the unusual growth of annual weeds and the late maturing of peaches 
and other plants. He attributed these to an abnormal amount of nitrates 
in the soil due to the recent drought. 
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Program: P. H. Dobsbtt. — Open air winter forcing of atrawbemea tn 
Japan (illustrated). This unique horticultural practice has been developed 
locally in Japan during the past twenty-five years with an industry amounting 
to 935,000 in 1929 and 19^. Stone-faced beds are built at an angle of 4^ 
on terraces up the southern slopes of Mount Kunosan, a day’s nde west of 
Tokio. This method produces berries five times earlier and plants four to 
five times more prolific than can be produced by other methods. 

P. H. Dorsbtt: Intereatina fecUurea of Chineae "Ching Ma" .—Abutilon 
Theopkraati is a widely distributed weed in this country but in China it Is 
grown for its fiber and stems The speaker exhibited samples of rope, 
crackers and charcoal made from this plant. These products ore being 
investigated in the United States as possible sources of a new industry. 

Charlotte Elliott, Correaponding Secretary. 

237th MEETINO 

The 237th regular meeting was held in the Assembly Hall of the Cosmos 
Club on December 1, 1931. President N E. Stevens presided, about 106 
members and guests were present. 

The following were elected to membership: Walter A. Davidson, 
Oscar J. Dowd, F W. Oldenburo, and Kenneth B Raper 

Program: N. E Stevens, Retiring President of the Society. — The fad aa a 
factor tn botanical piMtealiona. Thu address has been published in full in 
Science. 

Brt^ Notea and Reviews: Doctor Weiss called attention to the destruction 
of elms on East Capitol Street and the Ginkgo and other groups in the grounds 
of the Department of Agriculture. He proposed the following resolution- 

Whereas: The Natioim Capitol Park and Planning Comnussion, in the 
furtherance of its efforts to transform the natural beauty of the Department 
of Agriculture grounds— a beauty which is derived from the varied contour 
and the plantings of stately and historic trees — into something of the general 
topographic and vegetational features of an Illinou praine to be adom^ with 
four magnificent concrete roadways, has caused the destruction of the famed 
Ginkgo Avenue in the Agricultural Department grounds, 

BE rr resolved, by the Botanical Sroiety of Washington, that cognisance 
be taken of thu act of destruction, and that the regret of the members at the 
loss of thu notable planting of Ginkgo trees and other poups of trees in the 
Agricultural grounds, be recorded on the minutes of this, the 237th meeting 
of the Society, and 

BE IT rcRTHER RESOLVED, that WO hereby deprecate the failure of the Park 
and Planning Commission to realise the possibilities of civic beautification by 
preserving, so far as possible, natural objects and conditions. 

Moved and seconded, that the resolution be adopted. It was discussed 
by M. B. Waite and J. B. S. Norton and then carri^. 

The meeting then adjourned so that the annual meeting and election of 
officers might be held. 


ANNUAL KBBTINQ 

The 31st annual meeting was held immediately following the adjournment 
of the 237th regular meeting on December 1, 1931. 

The Recordh^ Secretary reported that dunng the past year, eight re^lar 
meetings, one buffet dinner with entertainment, one field meeting and picnic 
and one special meeting were held. The attendance at the regulu meetings 
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were: January, 102; February, 150, March, 200; April, 41; May, 96; October, 
51; November, 80; December, 105. Average, 103. Twenty-four new mem- 
bers were elected, two absent membere replaced on mailing lists, ten have 
resigned or have been placed on the absent list, three deaths have occurred, 
leaving an active membership list of 200. 

The Corresponding Secretary read the following list of members who had 
died during the past three years: 

Dr. P. A Yoder 1887- July 18, 1929 

Biographical sketch in Joum. Wash. Acad. Sci 19 : 394 1929. 

Dr W. A Orton 1877-January 7, 1930. 

Biographical sketch m Phytopathology 21: 1-11. 1931 

Dr K G. Ar 7 BERGER 1877-Januarv 29, 1930. 

Biographical sketch in Phytopathology 21 : 576. 1931. 

Dr F J Pritchard 1874-JaDuary 13, 1931 

Biographical sketch has been submitted for publication in Phyto- 
pathology 

Dr W J Spillman 1863-July 11, 1931. 

Biographical sketch in U. S. Dept. Agric. Official Record 10: 218. 
1931 

Dr R. A Oakley 1880-August6, 1931. 

Biographical sketch in Science 74 : 195 1031. 

The report, of the Treasurer was read. The President appointed John 
Stevenson and W. A. McCcbbin as an auditing committee 

The following officers were elected by ballot . 

President — Dr. J. B S Norton 
Vice President — Dr Charles Brooks 
Recording Secretary— Nathan R. Smith 
Corresponding Secretary — Dr Charlotte Kllioti' 

Treasurer— Edith (Ush 

Vice President of the Washington Acmlemy of Sciences— Dr. H. B. 

Humphrey 


238th meeting 

The 238th regular meeting was held in the Assembly Hall of the Cosmos 
Club on January 5, 1932. President J. B S. Norton presided. Attend- 
ance about 110 

I’he following were elected to membership; A W Skuderna, Dr. How- 
ard W Johnson, Dr Ronald Bahford, and Dr. Glenn A. Greathouse. 

Brtef Noies and Remewn ’ Dr Waite exhibited specimens of Bermuda grass 
which IS still green, due to the mildness of the winter He also exhibited 
branches cut from maoh trees m this locality which showed fewer, buds than 
in normal years. Sports from lUinois, Indiana and California, also indicate 
that fewer buds are laid down this year than normal. This may in part be 
due to the heavy crop last year. Dr. Charlf^ Swingle exhibited a species 
of Bryophyllum brought from Madagascar which is still olive outdoors, while 
specimens of this plant in Cahfornia had been killed by the cold. I‘'ive min- 
ute reports on the Now Orleans meetings of the American Association for 
the Advancement of Science were given by Dr. N E. Stevens and Oscar J. 
Down. 
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Program: Lee M. Hutchinb.— PA ony Peach: Some new departures in a virus 
disease, (illustrated). Peach trees affected with this disease have a darker 
peen color, are more dense and produce much smaller fruit The disease 
has been slowly spreading and has resulted in great losses in certain localities 
Experiments, involving thousands of grafts of roots and scions, to determine 
the cause of this disease were disoui^. The fact was finally established 
that this virus disease is localised in the roots, the trunks and limbs being free 
of the infective agent. The means by which this disease is spread has not 
yet been determined. Discussed by Dn. Waite, Db. Kellebman, Dr 
Taixob, and others. 


239th MEETINa 

The 239th regular meeting was held on February 2, 1932, in the Assembly 
Hall of the Cosmos Club, attendance 83. 

Db. M. C Goldsworthy was elected to membership 

BruJ notes and remews: Dr. J. S. Cooley exhibited a culture of Xylarta 
maUi which showed phototropium. Dr. Hitchcock reported on the exam- 
ination of material suspended in the air as caught by air-planes One half 
of the fifty specimens contained seeds of Vasey grass whereas the light fluffy 
seeds were not found Db Norton called attention to a host index of rusts 
and also to a list of forty-seven species of plants found blooming m December 
and January of this winter Dr Waite called attention to a publication 
in the Geographical Review dealing with the chmates of North Amenca in 
which many interesting points are brought out including a map of the oh- 
mates. Dr Thone exhibited the new address book of botanists, a text- 
book of botany by Coulter, Barnes, and Cowles and a German treatise, 
Arbeiten fiber KaUdungung. 

Program: M. C. Goldsworthy — The effect of smelter smoke upon plants. 
(illustrated) G. G. Hedocock: Crop plants; Forest vegetation. The data 
presented by both speakers will be publi^cd later. 

SPECIAL MEETINO 

A special meeting was held on February 16, 1932, in the Auditorium of the 
Interior Department, attendance about 180. 

Program: E V. Abbott — Travels in Peru. — The talk was illustrated by 
lantern slides showing the agriculture, Indian life and sceme beauties of the 
country 

Following the talk, several members asked questions of the speaker and 
Dr. Hitchcock spoke briefly of his travels through the same region. 

Nathan R. Suith, Recording Secretary. 
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SCIENTIFIC NOTES AND NEWS 

Pnpartd bu Saenee Service 
Notes 

Public IleaUh Service officers speak— Thtt meeting of the New York Elec- 
trical Society on the evenmg of November 16 was devoted mainly to the U S 
Public Health Service. Among the speakers were Dr. R. E. Dyer, Surgeon 
General Hugh S Gumming, and Prof. Carl Voeqtlin Dr. Dyer’s appear- 
ance was his first since he contracted an attack of endemic typhus fever m the 
course of his studies of the etiology of that disease. He spoke, appropriately, 
on the history of the fight against typhus m this country. Surgeon General 
Gumming devoted moat of his address to a description of the new U. 8. Na- 
tional Institute of Health He also outhned the combination of laboratory 
and field work involved in the attack on certain diseases, such as malanu. 
Prof. VoEOTLiN presented the results of his chemical investigation into the 
physiology of cancer tissue. In an atmMpherc of nitrogen, the albumen of 
both cancerous and normal cells breaks down, ho said, while in the presence 
of oxygen it is restored. Ixiw concentrations of copper and lead inUbit the 
growth of cancer tissue , no other metals in the same concentrations affect it. 

More Eskimo archaeology— Tvro expeditions of the U. S. National Museum 
which have been investigating Eskimo archaeology during the past season 
have returned, both reporting gratifying results. Dr. Ale& Hrdli£ka 
brought back much skeletal material and many artifacts, some of them of 
real beauty, considering the obdurate materials in which the ancient crafts- 
men had to work. These objects give further ovidcnoe of the relatively high 
culture level of the early immigrants that crossed the strait from Asia. 

Mr. James A Ford, who spent last winter m the Alaskan Arctic, solved 
the riddle of the ancient mode of Eskimo burial. It has long been thought 
that the ancient Eskimos at Point Barrow buned their dead either m actual 
houses or m house-like sepulchres. Mr Ford discovered that they did 
neither They took the top off a natural knoll, laid down a plank floor on 
which they placed their dead, and then replaced the earth, givmg the finished 
mound a deceptively house-like appearance 

Extra veriArae in Eakimoa . — Supernumerary vertebrae arc not uncommon 
in man; all races show them But the percentage among Eskimos seems to 
be high. Among some two hundred Eskimo skeletons examined by Dr. T. 
D. SrawART at the U. S. National Museum, about twelve per cent had 25 
presaoral vertebrae, instead of the normal 24 The highest previously re- 
ported percentage was 7, among Japanese; Europeans have supernumerary 
vertebrae m from 3 to 6 per cent of known cases 

Burbank still getting plant patents . — Luther Burbank, though dead, is the 
bolder of more patents under the new plant patent law than any living plant 
breeder. Recentlv his seventh plant patent, on a variety of cherry, was 
granted, through his executrix, Elizabeth Waters Burbank 

Since the passage of the plant patent law a little more than two years ago, 
43 patents on plants have been granted. 
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Com borer spread relareM.— Due to weather oonditions unfaTorable for the 
flight of adult moths, the spread of the European corn borer was retarded 
during the past season, the U. S. Department of Agriculture ^ announced 
The com borer area now includes territory as far west as Wisconsin, and ex- 
tends from the corn-growing provinces of Canada on the north to Kentucky, 
Virginia, and Maryland on the South. 

An ancient “modem" havok. — At the meetmg of the National Academy of 
Sciences in Ann Arbor, on November 16, Dr. Alexander Wetmore of the 
U. S. National Museum, with Prof. Ermine C. Case of the Umversity 
of Michigan, presented a paper on the skull of a fossil bird from the Badlands of 
South Dakota. Although of Oligocene age, the specimen imdoubtedly 
belongs to the livmg genus Buteo. 

National Museum has “Uralt" mammal. — A fragmentary skull of a small 
mammal m the U. S. National Museum has been identified as bclon^g to the 
Paleocene genus Amsonchua by Dr. George Gaylord Simpson of the Ameri- 
can Museum of Natural History, and is assigned by him to a new species, 
A fartunatus. 

The new species is happily named, for its discovery was apparently a matter 
of sheer luck. A hollow tool, lowered into a deep oil well in Louisiana, acci- 
dentally gouged out a core from the wall, and m this material the broken 
fossil was found. Thought at first to be Cretaceous in age, its correct date 
and identity were determined upon more careful examination. 

New National Heseroations proposwf.— Director Horace M. Albright, of 
the U. S National Park Service, ounng his annual summer tour of inspection 
made a personal investigation of thr^ proposed new national reservations 
which would be administored by the Park Service. One lies in the Badlands 
of North Dakota, identified with the name and hunting activities of the late 
Theodore Roosevelt. A bill sponsored by Senator Nyb and Representa- 
tive Sinclair proposes to make this area into a national park The second 
proposed new national park would be in the Badlands of South Dakota, 
along the main road to the Black Hills. This was formerly a great gme 
area, and is still notable for its great wealth of fossils. A third park prmect 
IS in Wyoming and Nebraska, including Guernsey Lake and historic Fort 
Laramie. Besides the proposed new national parks, a thorough discussion 
of the mooted question of the acquisition of lands in the Jackson Hole coun- 
try, to be offered to the government for park purposes, may bo expected during 
the coming legislative season. 

Hybrid Oj/sfers.— Japanese oysters and the oysters of the American Atlantic 
seabird are sexually quite compatible, Dr. P. S. Galtsoff and R. 0. Smith, 
of the U. S. Bureau of Fisheries, have announced m Science. Sperm from the 
males of either species will induce the females of the other species to discharge 
their eggs, they found in a series of experiments. Furthermore, viable hybrid 
ovaters are formed, which in the young stages show no higher mortality rate 
than do “pure-bred” young oysters of either species. 

This biological situation does not promise well for the oyster mdustry of the 
Atlantic seaboard, fisheries men point out. There is a desire among some 
of the commercial oystermen to plant the Japanese oyster in Atlantic coast 
oyster beds. The Japanese species is said to be faster-growing than the 
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American, but in the opimon of many is of inferior flavor. Champions of the 
native oyker fear that natural hybridisation will ruin the American species. 
They w(wd like to find legal means to stop the planting of the Japanese oys- 
ter, but at present there is no legislation, either state or federal, to help them. 

Potters for coruervaium.—k wild flower poster contest, open to school 
children in the District of Columbia, as well as to adults, is announced by the 
Wild Flower Preservation Society. Its purpose is to develop interest in the 
fate of endangered native species, and at the same time obtain material for 
use in a campaign of public education. Winners in the District contest, which 
closes April 16, 1033, will be eligible for a national contest. ParticulcM may 
be obtained by addressing The Wild Flower Preservation Society, 3740 
Oliver St., Washington, D. C. 

Nb^ Briefs 

Soil scientists from all parts of the United States were in Washington for 
the meetings of the American Soil Survey Association, November 16 to 17, 
and the American Society of Agronomy, November 17 and 18. 

The Washington section of the Society of American F'oresters held its second 
fall meeting at the Cosmos Club on the evemng of November 17. The meet- 
ing was addressed by Bcrt P. Kirkland, of the U. S. Forest Service. 

The National Park Service reports the presence in Yellowstone National 
Park of 68 trumpeter swans during the past season. This bird, though still 
near extinction, is apparently on the increase in the park area. George 
Wright, of the National Park Service, is now in Yellowstone studying the 
winter status of these swans, and also observing the elk on their winter feed- 
ing grounds. 

The Geological Society of Washington held its 494th meetmg at the Cosmos 
Club on November 9. Dr. T. A. Jagoak, Director of the Hawauan Volcano 
Observatory, spoke on Recent inveetugotiona on Pnetfir, vcicanology, Dr C S. 
Ross on Genem of tiianium deposits of Nelson County, Virginia, and Mr. 
W. H. Monroe on Topography and physiography from aenal photographs. 

The Psn-Amencan Umon announces that the White House Conference on 
Child Welfare held here in 1931 has had a great deal of influence in Latin 
America Child Welfare Weeks have been recently held in Venesuola, and 
in Colombia one was planned, but circumstances compelled its postponement 
In Argentina, Dr. AbAoz Alfaro, recognised as dean of his profession, rove 
a public lecture on the results of the Conference and their possible appuca- 
tion to Argentina. 

The Washington Chapter of the Pan-Amencan Medical Association held 
its flrst wmter meeting at the Nicaraguan Legation on November 21. 

At the School of Medicme of the George Washington University, a new 
society named in honor of Theolbald Smith, Walter Reed and Frederick 
F. Rubbei^ all former professors of imcteriology m the institution, has been 
formed. The Smith-R^-Russell Society is sponsoring a series of lectures 
during the present academic year. 
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Personal Items 

At the meeting of the National Academy of Sciences in Ann Arbor, on 
November 14, Dr. Walter Hough present^ a biographical memoir of the 
late Dr. Jesse Walteb^Fewkes 

Dr. W W CoBLENTZ was a delegate to the International Light Congress 
at Copenhagen. He presented a paper on a new standard for ultraviolet 
light. 

Dr. J. A. Fleming has been elected an honorary and corresponding member 
of the State Russian Geographical Society 

Frank T Davies, formerly of the Byrd Antarctic Expedition, and now on 
furlough at the request of the Meteorological Service of Canada, from the 
Department of Terrestrial Magnetism of the Carnegie Institution of Washing- 
ton, is in charge of the Polar Year station at Chesterfield Inlet. This station 
18 the nearest point to the North Magnetic Pole at which continuous records 
will be taken during the Polar Year 

W. J. Rooney, of the Department of Terrestrial Magnetism, who was tem- 
porarily assigned to the U. S. Coast and Geodetic Polar Year Station at 
College, Alaska, to assist in the installation of the atmosphcric-electnc and 
earth-current equipment, has completed his work and returned to Washington. 
K L. Sherman will be in charge of the work during the Polar Year 

Dr Luis M De Bails, Charge d’ Affaires of Nicaragua in Washington, 
lias been made an honorary mcm^r of the Association of Military Surgeons 
of the United States His father, a noted surgeon of Nicaragua, was also 
made an honorary member of the Association of Military Surgeons a few 
years ago 

Dr. L. 0. Howard has returned from his residence in Paris, to resume his 
research and writing work here. He has a new book in press, which will be 
published m the near future. 


captain Robeht Lee Fanis, Assistant Director of the U. S. Coast and Geo- 
detic Survey, died suddenly at his home on October 5, 1932. He was bom at 
Caruthersville, Missouri, on January 13, 1868. Graduating from the Uni- 
versity of Missouri in 1890, with the depce of Civil Engineer, he served for 
n year as an assistant engineer with the Corps of Engineers, U. S Army. 

He entered the service of the U. 8. Coast and Geodetic Survey in 1891 He 
a as engaged upon the various field operations of the Bureau until, in 1906, 
he becc^ inspector of magnetic work and Chief of the Division of Terres- 
trial Magnetism, a jxisition he held imtil 1014, when he became Assistant In- 
spector of Hydrography and Topography. The following year he was ap- 
pointed Assistant Director. He wrote widely, contributing many articles 
and publications relating chiefly to mi^ctism 
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Capjtain Farib was appointed a member of the Missiuippi River CommiB- 
sion m 1910, and served until his death. He was a fellow of the Amerioan 
Association for the Advancement of Science, a member of the Committee 
on Navigation and Nautical Instruments of the National Research Council, 
the Federal Board of Surveys and Maps, the Washington Acadenw of Sci- 
ence^ the Philosophical Society of Washington (President 1021), the Washing- 
ton ^iety of Engineers (President 1921), the American Society of Civil 
Engineers, the Amencan Astronomical So^ty, the American OMphysical 
Union, the Society of American Military Engineers, the Qeologioal S^ety 
of Washington, and of the International Association of Navigation Congresses. 

He served as Treasurer of the Washington Academy of Sciences from 1918 
to 1930. 

Barton Warren Evermann, director of the Museum of the California 
Academy of Sciences and of the Steinhart Aquarium, San Francisco, died on 
Septemter 27, 1932. He was bom in Monroe County, Iowa, on October 24, 
1853. He matriculated at Butler University, Ind. in 1877. Here he met Dr. 
David Starr Jordan in whoso classes he began the study of natural history. 
From that day until Doctor Jordan’s death in 1931 the two men remain^ 
associated in one way or another in their scientific work. Together they 
made many explorations, collected fish in nearly every state in the Union, and 
as co-authors they wrote many books and papers. The most important of 
these IS the monumental work m four volumes. The Fishes of North and 
Middle America, published by the U. S. National Museum as BuUetin No. 47 
(1896-1900) Another important joint work of Jordan and Evermann is their 
semipopular book, American Food and Game Fishes (1902) which has gone 
through several editions. 

In 1891, Doctor Evermann entered Indiana University, where Doctor 
Jordan was then professor of biology. Here he received the B.S. degree in 
1886, the A.M. in 1888, the Ph.D in 1891, and the honorary degree of LL D 
in 1928. 

In 1891 he joined the staff of the Bureau of Fisbenes and in 1902 became 
Chief of the Division of Statistics and Methods. In 1903 he was appointed 
Chief of the Division of Scientific Inquiry, and m 1911, Chief of the Alaska 
Division. He was also curator of fishes in the National Museum from 1905- 
1914. In 1914 he resigned from the Bureau of Fisheries to become director 
of the Museum of the California Academy of Sciences, a position he held at 
the time of his death. 

Doctor Evermann served on the U. S. Fur Seal CommissioD (1892), on 
the International Fisheries Commission (1908-09); on the Boanl of Edu- 
cation. Washington, D. C. (1906-10); and lectured at Stanford, Yale, and 
Cornell. He was a member of many scientific societies and was the author 
of 387 publications. 
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